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SINCE  Ibme  Refpitc  has  been  given  to  the 
Hurry  of  your  ordinary  Employments,  and 
the  Tranquillity  which  in  the  mean  Time  is 
reftored  to  vour  Affairs,  has  prq)ared  your 
Minds  and  opened  your  Ears  for  the  telling  and 
hearing  new  Things  ;  if  it  may  be  acceptable  to 
you,  pray  give  your  Attention,  while  I  fatisfy  my- 
feif*  with  imparting  fomething  ftrange,  and  not 
unlike  a  Prodigy.  Fortune  has  fmilcd  of  late  : 
Why  are  ye  difquieted  ?  Do  we  gaze  upon  the  dire 
Comet  that  now  fhews  itfclf,  as  the  Harbinger  of 
the  Mifchances  that  daily  encreafc  upon  us,  or 
upon  the  Armies  of  Fanaticks  bent  againft  the 
Will  of  Heaven  ?  Rather  let  us  turn  our  Eyes  upon 
a  new  but  beneficial  Star,  fparkling  with  a  true 
as  well  as  aufpicious  Luftre,  never  the  like  of  which 
for  many  Years  paft  has  appeared  above  the  Hori- 
zon of  diis  Univcrfity  -,  to  compute  whofe  Mag- 
nitude, explain  its  Motions,  and  prelage  its  Events, 
I  am  come  hither,  not  as  a  vain  Aftrologer. 

Would  you  have  me  fpeak  more  plainly  ?  No 
Body  then,  who  has  either  turned  his  Eyes  upon 
the  calamitous  State  of  Literature,  or  not  been 
altogpther  deaf  to  the  frequent  Complaints  of  learned 
Men,  can  be  ignorant  how  unequally  the  prefent 
Age  behaves  againft  the  one,  how  malicioufly  and 
ungratefully  towards  the  other.  Wherefore  we  may 
(he  more  wooder  that  a  noble  Mecanas  has  at  laft 
A  4  appeared^ 
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appcatdd,  a  Mecanas  na  in  Name,  but  in  Fa6t  \ 
not  one  who  has  made  a  fhew  of  bare  Favour' 
towards  Learning,  but  who  has  (pent  much  rieal 
Labour  in  it ;  not  who  has  embraced  it  with  a 
good  Will  onjy,  but  who  has  obliged  it  with  a 
Munificent  I^ind  -,  by  regarding  its  prefent  Me- 
lanc^Iy  State,  wipii^  the  Stain  of  Infamy  from 
off  the  Age,  infpiring  Vigour  into  thefe  languifli- 
ing  Studies,  and  clearing  the  I^ath  of  doing  Bene- 
fits which  lay  covered  through  long  difufe  without 
the  leaft  Sjjgn  of  Fobtfteps.  To  declare  die  Praifes 
and  publim  the  Virtues  of  which  Man,  I  wiih  I 
had  Words  fuitable  to  fuch  great  Merits  and  Elo- 
qiicnce  eoualto  the  Matter,  and  that  it  were  not 
as  difficult  to  fpeak  worthily  upon ,  fuch  an  illu- 
ftrious  Argument,  as  it  is  unpardonable,  that  ^t 
fhould  be  altogether  pafled  by  in  Silence.  ^How- 
ever  fmce  publick  Gratftude,  and  cfpecially  the 
Reafon  of  my  own  private  Office,'  requires  it, 
though  I  hav^  not  the  Faculty  to  grace  tfce  Memo- 
ry of  our  Benefeftor  with  a  luitable  Eujqgy,  yet  I 
will  fliew  my  good  Will  to  do  it,  at  leaft  in  lome, 
though  impertefl:  and  difagreeable  Manner. 

Henry  Lucas^  then,  was  the  Perfon  (to  whofc 
Meat  Name  you  of  this  Univerfity  owe  die  highefl: 
S^everence  and  Efteem)  Lucasy  I  fay,  a  Name  at 
once  thundering  forth  the  Prowefs  of  Mars^  and 
breathing  the  Wifdom  of  AGnerva ;  which  will  fill 
both  Pages  of  Hiftory  with  the  Glories  of  War 
and  Peace,  and  be  equally  celebrated  by  Pofterity, 
for  the  Eiomples  ,of  Heroic  Fortitude,  and  God-r 
like  Munificence,  Henry  Lucas j  a  Man  much  to 
be  honoured  for  the  Dignity  of  his  Defccnt,  as  be- 
|ng  related  to  very  noble  Families  by  the  neareft 
Kindred  of  Blood;  but  the  Greamefs  of  his  Mind 
rather  detracted  from  the  Nobleneis  of  his  StocI^ 
and  darkened  the  Splendor  of  his  Parentage  with 
the  Excellence  of  hi$  Virtues.    He  was  hdm  to 
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a  moderate  Fortune,  which  by  a  thriving  Injufrice, 
the  Importunity  of  a  litigious  Court,  and  the  Un- 
lawfulncft   of  the  Law  bereft   him  of,    while  an 
Orphan  ;  left  either  his  Ability  of  living  honour- 
ably  himfclf,  or  the  glorious  Faculty  of  benefiting 
oihcrs,    fhould  be  imputed  to  a  foolilh  Fortune, 
rather  than  to  a  laudable  Induflry.     For  to  be  pof- 
feflcd  of  Riches  tranfmitted  from  Parents  is  a  Mat- 
ter of  pure  Felicity,  but  to  acquire  them  honourably 
of  ones  felf  is  perfectly  Praife-worthy :  to  impart 
of  the  Things  a  Man  has  received  has  the  Ap- 
pearance of  juft  Reftitution  ;  but  courteoudy  to  be- 
ftow  the  Fruits  of  his  own  Labour  defervedly  ob- 
tains tlie  Tide  of  Liberality.     It  is  from  hence  the 
Cafe  reaps  the  greateft  Glory,  from  hence  the  Vir- 
tue   becomes  compleat.     Such  is  our  Bcnetaftor, 
the  Maker  of  liis  own   Fortune,  the  Heir  of  his 
own  Virtue,  the  Iflue  of  his  own  private  Ihduftry  : 
He  ftniggled  from  Poverty  to  Abundance,  from  a 
low  Eftate  to  a   Degree  of  Eminence.     Perhaps 
you  will  enquire  by- what  Means,  or  on  what  Helps 
he  did  rely.     Was  it  by  proceeding  in  Rapines, 
by  fomenting  Quarrels,  by  trucking  Commodities, 
or  praftifmg  unlawful  Gain }  None  of  thefe,  but 
by  the  moft  harmlefs  Metliod,  the  moft  approved 
Arts  and  facred  Inftruments,  whereby  Nature  has 
inftrudlcd  Men  to  keep  off  the  Inconveniences  of 
Life  ;    by  Politenefs  of  Judgment,  FJoquence  of 
Speech,  and  Probity  of  Manners.     B«jing  entered 
into    the  moft    honourable  College    of  St.  John 
(wliich  among  all  that  vaft  Number  of  famous  Men 
it  has  afforded  to  the  Church,  and  very   many  to 
tl^  Commonwealth,  and  I  think  h^s  not  brought 
up  a  Scholar  more  profitable  to  the  Univerfity  ;)  I 
/ay,  being  entered  into  this  fruitful  Seminary,  he 
profited  fo  well,   fo  cultivated   his  Underftanding 
with  the  liberal  Arts,  and  fcafoncd  his  Mind  with 
the  Principles  of  Virtue  i  that  when  there  was  no 
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Office  for  which  he  was  not  qualified,  no  Promb* 
tion  of  which  he  feemed  not  worthy,  he  quickly 
reached  sit  leaft  fo  far  as  to  gaih  Admittance  into 
the  Family  of  the  moft  illuftrious  Earl  oi  Holland^ 
a  Man  of  Angular  Favour  with  his  m6ft  Serene 
Majefty,  and  your  Chancellor  (an  Honour  then  co- 
veted by  the  chiefcft  of  the  NobilityJ  by  whom  he 
Was  renK)ved  to  his  more  fecret  Councils  (the  prin- 
cipal and  moft  honourable  Place  in  the  Gift  of  a 
Nobleman  \)  which  he  difchargcd  i?nth  fuch  An- 
gular Dexterity,  Sincerity,  and  Diligence,  that  it 
IS  not  to  be  wondered  at,  while  he  managed  the 
Afiairs  of  his  Patron  fo  well,  that  he  did  not  look 
badly  to  his  own  i  but  ftored  ujJ  fome  Fruit  into 
his  own  Bam  from  fo  plentiful  a  HarvdR:. 

Thus  having  enlarged  his  Eftate  by  an  honed 
Induftry,  he  determirwd  to  ufe  it  with  equal  Pru- 
dence, and  fuflfered  not  the  Fruit  of  liich  com- 
mendable Labour  to  be  (bent  difhonourably,  or 
unhappilv  to  mifcarry.  He  bud  it  not  out  iri 
fplendid  Superfluities,  nor  wafted  it  in  filthy  Plea- 
lures  5  he  did  not  (as  is  now  the  Cuftom  of  wealdiy 
People)  environ  himfelf  with  a  Guard  of  idle  Com- 
panions, nor  prepare  magnificent  Entertainments  ; 
ne  did  not  vainly  catch  the  Breath  of  popular  Ap- 

Slaufe,  nor  immerfed  himfelf  in  Faftions  of  State : 
^t  loving  a  kind  of  Life  frugal,  modeft,  and 
peaceable,  being  only  at  leifure  for  Piety  and  Study, 
he  was  fparbg  of  his  Time  towards  himfelf,  that 
he  might  exercife  a  perpetual  Liberality  towards 
others :  and  being  not  tolicitous  to  have  Iflue  of 
his  own,  or  enlarge  his  Family,  he  afforded  him- 
felf a  Father  to  the  Needy,  chofe  the  Univerfity 
for  his  Habitation,  and  as  it  Were  all  Mankind  for 
his  Pofterity.  He  thought  it  not  a  Duty  incum- 
bent upon  him  to  make  fome  one  Pcrfon  rich 
without  Pains,  nor  flirnifh  his  own  Houfe  with 
Abundances  but  his  Care  was  to  fupply  the  Necef- 
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fioes  and  reward  the  Induftry  of  all  in  his  Power  ; 
and  cfpedally  to  illuminate  all  Mankind  widi 
Knowleclge.  Though  it  ou^  by  no  Means  to 
be  thougbt  that  he  eidier  needed  the  Honour 
of  lus  Family,  or  any  Way  d>fcmed  his  Reputa^ 
don  by  erefting  to  diem  fuch  durable  Monuments, 
and  commicdng  their  Memory  to  the  immortal 
Mufes.  For  la  us  but  nicely  weigh  the  Matter, 
and  we  will  find  diat  the  Glory  of  a  Family  can 
no  way  fprcad  itfelf  wider,  or  fix  its  Roots  deeper 
into  Eteniity,  than  by  conciliadng  to  idelf  tl^  Fa- 
vour of  L^ers,  whereby  it  is  wont  to  make  Time 
itfelf  the  Keeper  and  Wimels  of  its  Afiaus ;  and 
widi  whofe  unwearied  Breadi  the  loud  Trumpet  of 
Fame  is  always  folL  Learning  muft  have  an  End, 
the  Light  of  all  Memory  be  e3Ctingui(faed,  and 
the  Face  of  Things  overcaft  with  a  mod  diffufive 
Barbarity,  when  the  Name  of  Lucas  ceafes  to  be 
&mous,  when  it  ceafes  condnually  to  refound  with 
Iblemn  Prailes  in  this  illuftrious  Theatre  of  Glory. 

But  we  have  here  alfo  an  Example  of  Juftice  no 
Ids  noble  than  that  of  Prudence.  He  received 
fome  Splendor  fiom  his  Family,  and  he  reflected 
back  much  more  upon  it;  he  had  a  fmall  Patri- 
mony fi"om  his  Anceftors,  and  he  rcftored  back 
large  Gifts  to  his  Relations ;  he  returned  ample  In- 
icreft  for  the  Benevolence  of  his  Friends,  and  there 
was  none  that  deferved  well  of  him,  whom  he  did 
not  oblige  in  his  Turn  with  Benefits.  But  if  he 
acquired  both  the  chief  Subftance  of  his  Fortune 
and  Ornament  of  his  Mind,  efpecially  fipom  the  Be* 
nefit  of  Letters  ;  if  the  Univerfity  was  the  Parent 
to  which  he  owed  the  Beginning  of  his  better  Life  ; 
the  Miftrefi  who  trained  him  in  thofe  Principles  ot' 
Virtue  aixl  Improvements  of  Leammg,  which  made 
him  Ihine  with  fo  bright  a  Luftre  -,  and  laftly  the 
Benefiftrefs  which  added  mofl:  to  the  Increafe  of  his 
Dignity  i  why  ought  he  not  in  all  Juftice  to  make 

a  grate- 
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a  grateful  Return  for  thofe  Benefits,  and  obl^  htff 
with  mutual  good  Offices?  For  to  be  appointed 
once  or  twice  to  the  fupreme  Court  of  the  Kingdom 
in  the  Name  of  the  Univerfity,  there  to  plead  the 
Caufe,  undertake  the  Defence,  and  fuflain  the  Part 
of  a  learned  Community  \  to  reprefent  your  Body» 
i.  e.  the  very  Body  of  Learning  itfelf  ;  and  to  be 
approved,  elefted,  and  preferred  before  other  wor- 
thy Competitors  by  your  mofl  grave  Judgment  j 
is  this  a  flight  Honour  ?  Nay  is  it  not  to  be 
efteemed  beyond  any  Price,  and  preferred  above 
all  pfoud  Tides?  And  I  heartily  wifh  your  Judg- 
ments may  be  always  fo  fortunately  aimed,  your  Be- 
nefits fo  rightly  placed,  that  they  whofe  Education 
has  railed  them  to  a  more  exalted  D^ree,  and  who 
have  had  a  like  Teflimony  of  your  Benevolence^ 
may  become  the  fame  way  minded  to  you  :  And 
thus  the  liberal  Sciences  would  not  be  fo  impo- 
veriflied,  fo  fharelefs  of  Honour  ;  nor  would  our 
Studies  languifh  bemg  dcftitute  not  only  of  due 
Rewards,  but  alfo  of  neceflary  Supports,  He  in- 
deed alone  for  many  Years  paft  has  protefted  Let- 
ters from  Injury,  he  has  relcued  the  Sciences  from 
Contempt,  delivered  them  from  Want,  aflifted  them 
with  his  Endeavours,  and  enlai^ed  them  with  his 
Intereft.  For  in  thefe  wicked  and  unhappy  Times, 
when  a  covetous  Barbarity  gaped  after  the  Profits  of 
the  Univerfity,  impofing  Burthens  upon  all,  and 
every  where  exafting  the  moft  unrcafonable  Taxes  ; 
ftoudy  defended  your  Caufe  and  maintained  your 
Immunities  •,  he  flrenuoufly  exerted  all  his  Power, 
and  efFeded  much,  what  through  Advice,  what 
through  Perfuafion,  that  the  Gown  might  not  be 
made  tributary  to  the  Cloth  -,  that  the  Fury  of  Mars 
might  not  prey  upon  the  JProperty  of  Minerva  ; 
that  the  W«dth  dedicated  to  the  Nurture  of  the  li- 
beral Arts  might  not  be  perverted  to  maintain  the 
worft  of  Tynuus»  4uid  to  promote  the  Eoterprizes 

ot 


Tie  Prefat&ry  Oratitml  xiu 

of  wicked  Men,  Thus  he  at  that  Time  made 
bimfelf  your  Shkld  againft  a  dangerous  Indolence, 
that  he  might  afterwards  become  your  Sword  againft 
Ignorance ;  he  took  from  you  a  pernicious  Lois» 
duu:  he  might  enrich  you  with  an  advantageous 
Gain.  For  when  he  perceived  himfelf  to  have  ar*  , 
rv^td  at  the  laft  Stage  of  his  mortal  Courfe,  that 
he  might  at  leaft  mrvivc  for  your  Benefit,  and 
not  ceafe  to  be  profitable  to  you,  even  when  he 
ceafed  to  live  \  he  b^an  to  confider  with  himfelf 
and  advife  widi  Irn  Friends,  by  what  Means  he 
might  heft  fiiit  your  Studies;  refolvingtoftrengthen 
that  Part  with  fuitable  Helps,  where  you  were 
weakeft,  to  apply  fit  Remedies  to  your  Wounds, 
iupply  vour  Wants  and  retrieve  your  Loiles. 

While  he  had  an  Eye  upon  all  Things,  the  Sub- 
jed  of  Mathematical  Learning  offered  itfelf  as  mofl 
worthy  of  his  Beneficence :  Which,  bemg  recom- 
mended by  a  fingular  advantageous  Profit,  joined 
with  an  entertaining  Pleafure,  by  its  peculiar  Dif- 
ficulty that  required  no  fmall  AflTiftance,  the  ex- 
ceeding Care  with  which  it  was  cultivated  among 
the  ancient  Philofophers,  the  extraordinary  Ap- 
plaufe  it  received  among  Men  of  all  Ages,  and 
cfpecially  the  furprizing  Honours  paid  to  it  by 
the  prefent  Age,  I  know  not  whether  it  is  more 
to  be  accounted  a  Matter  of  Wonder,  or  of  Grief, 
that  it  had  hitherto  obtained  no  Place,  no  afllgned 
Reward,  no  allowed  Privilege  in  the  -Univerfity, 
the  fi-uitfiil  Mother  of  all  Difciplines,  and  benign 
Nurfe  of  all  Studies.  Being  defirous  to  remove 
fo  great  a  Difhonour,  and  reftore  this  neglefted 
Science,  he  lent  to  his  helping  Hand,  fo  that  the 
Profeflion  of  Mathematics  was  introduced  by  his 
Management,  and  endowed  with  a  liberal  Stipend 
from  his  Subflance,  Moreover  when  the  Lambeth 
Books  taken  fronn[  your  Library  had  given  you  fb 
grievous  a  Wowd,  he  i^  Part  healed,  at  leaft  verv 
-  J  "^  much 
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much  mitigated  it,  by  (iibftituting  his  own;  in« 
deed  a  Library  h&  (lately  and  magnificent,  but 
equally  choice  and  precious ;  a  remarkable  Monu- 
ment of  his  own  Learning,  and  a  Help  to  yours* 
Wljich  Benefits,  fince  they  cannot  be  amplified  with 
Words,  nor  illuftrated  with  Cblours,  and  fince  it 
is  altogether  the  fame  to  relate  them  (imply,  as  to 
celebrate  them  at  large,  I  will  rather  commit  thmt 
to  you  to  be  cultivated  with  a  grateful  Remem* 
l>rance,  than  be  violated  by  me  with  a  rude  Enco- 
mium, However  we  may  briefly  take  Notice  by 
the  by,  that  though  many  have  teftified  their  good 
AfiefticMi  to  leveral  Colleges,  and  contributed  large 
Gifts  ('the  Mother,  as  is  ufually  done,  being  neg- 
le£bed  that  the  Daughters  may  have  better  Treat- 
ment) yet  hitherto  no  Son  has  been  equally  duti- 
fiil,  no  Scholar  ecjually  grateful,  no  Patron  equally 
liberal  to  the  Univerfity  in  general :  Their  Gifts 
were  of  as  much  narrower  a  Mind,  as  much  (lighter 
4  Merit  than  his,  as  the  Sun  in  the  Firmament 
outfhines  the  Candle  in  the  Houfe  ;  or  as  it  is 
more  noble  to  difFufe  a  beneficial  Influence  upon 
^11,  than  only  to  derive  it  upon  a  few.  In  like 
manner  though  others  might  afford  greater  Gifts, 
yet  our  Benehiftor  difpenfed  his  more  prudently,  if 
that  wa$  the  moft  fitting  Seafbn,  when  your  too 
long  neglefted  Affairs  required  a  confpicuous  Fa«* 
vour,  and  when  the  melancholy  Condition  of  Let^ 
tcrs  implored  a  powerful  Afliftance  to  Ufes  neceflary 
in  the  higheft  Degree  •,  the  want  whereof  it  is  hard 
to  (ay,  whether  it  was  more  dilhonourable,  or  more 
detrimental  to  you.  Laftly  others  have  deferved  very 
much  of  you  for  the  Benefits  they  have  done,  but  no 
Body  fo  much  for  the  Examples  they  have  (hewn, 
Thofc  cried  up  Learning  while  it  was  in  Vogue, 
according  to  the  Difpofition  of  the  Times,  comply* 
ing  with  the  Manners  of  the  Age  they  lived  in  | 

but  he  ojp|K)fing  tbe  <xm^  Gm»  of  bi^  Ago 
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darft  fitvour  Learning  while  it  ftruggled  widi 
Envy,  and  was  expofed  to  Reproach,  and  there-^ 
bn  is  worthy  to  be  had  in  the  greater  Efteem  ; 
Thole  adjoimd  themfelves  Companions,  or  rather 
pooc-men,  to  them  that  travelled  in  the  beaten 
Path  \  he  waJked  throi^  an  impervious  Solinide, 
a  Gukfe  to  himfelf,  a  Gnnpanion  to  none  :  Thoie 
cheiifhed  the  Hopes  of  Studies  while  quick  and 
lively  ;  he  railed  them  when  fallen,  reftor^  them 
when  deprelled,  and  revived  them  whm  aknoft 
burkd :  Thofe  in  fome  meafqre  fuitained,  or  a 
litde  promoted  the  Fame  of  their  own  Times^ 
wluk  flourifbing ;  but  he  not  only  very  much  ho- 
noured the  Age  he  lived  in,  but  delivered  it  from 
die  greateft  Infamy.  Laftly,  thole  obtained  a  vul- 
gar IVaile  fix)m  nich  vulgar  Benefits  ;  but  our  Be- 
ne&dor  acquired,  nay  merited,  a  Angular  Glory 
from  a  lin^ilar  Beneficence.  He  indeed  far  out-> 
went  die  Merits  of  them  that  went  before  him, 
and  has  Ihatched  away  the  Palm  from  them  that 
are  to  follow  him :  We  are  beholden  to  him  for 
what  he  has  done  himfelf,  and  hereafter  fhall  be  be- 
holden to  him,  for  what  others  fhall  do  in  Imita- 
tion of  lum  ;  to  whom  he  has  before  afforded  a 
happy  Omen,  carried  a  Ihining  Light,  and  fhewn 
diem  an  o^ea  way  to  promote  Learning  under 
his  F^oronage ;  that  none  hereafter  may  be  alhamed 
of  Liberality  beftowed  upon  Literature,  but  that 
all  ought  rather  to  be  afhamed  of  not  following 
the  Authority  of  fuch  a  Man,  of  not  walking  in 
the  Footfteps  of  fo  great  a  Guide. 

But  I  am  carried  unawares  too  far  into  the  Sea 
pF  a  boundlels  Oadon,  and  do  plainly  perceive 
how  very  eafy  it  is  for  one  who  is  enga^d  in  an 
Argument  fo  noUe,  fo  fplendid,  fo  generous,  to 
lay  more  than  enough :  Therefore  humbly  beg- 
ing  your  Pardon,  I  will  contract  my  Dilcourfo, 
ycc  to  (moft  in»^y  Mao)  z&  ratber  to  cover  diy 
^     ^  ^     -    .      prmeg 
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private  Praifes  with  a  modeft  Silence,  than  dilgmcc 
them  with  an  unfeafonable  Publication.  Thy  ex- 
traordinary Piety  towards  God,  Regard  towards 
Friends,  Benignity  to  all ;  thy  unfpotted  Candor 
of  Mind,  blamelefs  Probity  of  Manners,  fingular 
Courtefy  in  Converfation,  Skilftilnefs  in  Aftion^ 
Perfpicuity  of  Judgment  and  Eloquence  of  Speech  j 
thy  Faithfulnels  in  performing  Obligations,  Equi- 
ty in  Deeds,  Modefty  in  Words,  and  Conftancy 
in  Purpofe  •,  finally  thy  fincere  Love  of  Truth, 
ardent  Study  after  Knowledge,  generous  Difpofi- 
tion,  confummate  Learning,  and  thy  innumerable 
odier  God-like  Virtues  of  Mind,  noble  Endow- 
ments of  Undcrftanding,  and  remarkable  Actions 
of  Life  -,  thefc  Things  indeed  I  have  received,  as 
Rays  conveyed  in  a  Courfe  not  direft  but  broken 
and  weakened  with  the  Interpofition  of  a  thicker 
Medium ;  I  have  not  known  them  by  my  own. 
Experience,  but  relying  upon  the  Credit  of  others 
have  had  them  from  Fame  alone  •,  yet  a  Fame 
certain  and  undoubted,  fupported  by  the  united 
Suffrages  of  many  good  and  wife  Men  ;  fo  that  if 
I  attempted  to  go  through  with  this  Subjeft,  it 
would  be  like  a  blind  Man's  undertaking  to  paint 
the  brighteft  Luftre,  or  a  deaf  Man  to  fing  the 
fwecteft  Melody.  O  that  I  could  behold  thy  liv- 
ing Countenance  encompafled  round  with  fo  de- 
lightfiil  a  Splendor,  that  I  could  contemplate  thy 
Demeanor  mingled  with  that  gende  Severity,  could 
tafte  thy  Speeches  feafoned  with  fuch  a  fweet  Salu^ 
brity,  and  draw  fome  few  Drops  from  that  inex-^ 
hauftible  Sea  of  Eloquence :  Perhaps  a  Breaft  im- 
pregnated with  thy  Breathings  might  conceive  fome- 
thing  like  thee,  and  a  Mouth  moiftened  widi  thy 
Neftar  might  expnefe  fomething  worthy  of  thee. 
But  I  think  it  better  for  me  not  at  all  to  meddle 
with  fo  great  Virtues,  than  do  them  Injury  by 
handling  them  unworthily^  or  fully  them  wid:^  an 
unppl^  Speech,  ^       ^  .       ->-       jij^jg 
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There  only  remains  one  Commendarion  more 
(and  that  not  to  be  reckoned  among  the  laft) 
which  I  ought  in  no  Realbn  to  pais  by ;  I  mean 
die  Cbmmendation  of  a  moft  happy  Prudence 
jhewn  in  chufing  and  deputing  thoie  to  whom  he 
defigned  to  commend  the  chief  Care  of  executing 
his  Will,  or  rather  of  difpenfing  his  Charity.  For 
fince  Things  the  beft  defigned,  either  by  the  bafe 
Diflioncfty,  flothfiil  Negligence,  or  ftupid  Folly 
of  thofe  to  whom  they  arc  committed,  do  often 
fiiil  and  mifcarry  of  their  hoped  for  Succeis ;  he 
cook  abundant  Care  that  this  might  not  be  his  own 
Lot,  and  appointed  two  Men  for  his  Adminiftra- 
tors  of  fincere  Honefty,  unwearied  Diligence,  and 
approved  Prudence,  whofe  Names  it  would  be  the 
moft  unpardonable  Thing  in  me  not  to  mention 
with  all  grateful  Remembrance,  their  great  Re- 
gard towards  you,  and  Angular  Humanity  to  my 
telf  being  fufficiently  experienced.  The  one  who 
IS  perhaps  not  fo  well  known  (yet  worthy  to  be 
known  and  honoured  by  all)  is  tlmt  moft  excellent 
and  accompliflied  Perfon,  Robert  Raworlby  a  Man 
Angularly  difcreet  and  prudent,  who  to  his  re- 
markable Skill  in  Law  adjoined  an  equal  Love  of 
Juftice,  to  his  great  Experience  an  uncommon  In- 
tegrity of  Mind  •,  efpecially  wonderful  and  happy 
m  this,  that  while  he  manages  all  Things  accord- 
ing to  the  ftrift  Rules  of  Equity,  never  perferring 
the  Pleafure  of  hearing  well  before  the  Inclination 
of  doing  well,  yet  has  been  able  to  obtain  die 
Opinion  of  the  beft  of  Men  among  all,   and  to 

5)racrve  an  unfpotted  Charafter  togedier  with  a 
bund  Confcience  :  A  Man  perfeftly  jaft,  and 
unfhaken  in  that  Situation,  wherein  Reifon  has 
affixed  him,  of  a  worthy  Behaviour,  a  free  and 
ingenuous  Difpofition,  involved  in  no  Cloud,  co- 
vered over  with  no  Daubing,  quick  and  fagacious 
in  diicerning  the  Importance  of  Things,   mature 

a  and 
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and  circumipe£t  in  taking  Advice,  conftant  and 
fteady  in  retaining  his  Purpofe  5  one  who  attempts 
nothing  rafhly,  nor  eafily  fuffers  himf^  to  be  re- 
moved from  a  promifing  Undertaking.  LafUy  a 
Man  in  whom  the  greateft  Trull  may  be  fafely 
repofedy  and  weightieft  Afl&irs  apdy  committed, 
having  behaved  himfclf  in  this  Provmcc  fo  feith- 
fiilly,  dexteroufly  and  wifely,  that  not  only  I  my- 
felf,  with  all  that  (hall  hereafter  fucceed  me  in 
this  Office,  but  alio  the  whole  Univerfity,  and  all 
good  Literature  fhall  owe  him  immortal  Thanks. 
But  the  other,  Thomas  Bucky  is  perfeftly  known 
to  every  cMie  of  you  from  the  honourable  Place 
which  ne  has  fufhiined  among  you  for  fo  many 
Years,  being  fufficiently  recommended  by  his  Vir- 
tues, and  highly  to  be  reverenced  for  his  excellent 
Merits  towards  you :  The  very  feme  whofe  au- 
gult  Appearance  and  venerable  Dignity  of  Coun- 
tenance IS  daily  feen  with  your  Eyes,  whofe  moft 
courteous  Civility  you  always  perceive,  and  whofe 
VL&ivCy  trufty  and  fortunate  Endeavours  in  manage- 
ing  your  moO:  important  Affeirs,  vindicating  your 
Honour  and  promoting  your  Intereft,  you  have  fo 
often  experienced.  A  Man  endowed  in  no  mean 
Degree  in  all  the  Parts  of  good  Literature,  who 
yields  the  Preheminence  to  none  in  Prudence  and 
Faithfiilncls  (Things  approved  and  demonftrated  in 
him,  after  a  moft  remarkable  Manner)  and  leaves 
moft,  I  had  almoft  faid  all.  Mortals  a  long  Space 
behind  him  in  a  laudable  Induftry.  It  would  be 
difficult,  nay  altogether  impoffible  for  me  to  ex- 
prefs  what  Labours  he  has  undergone,  what  Trou- 
bles he  has  endured,  how  much  Pains  he  has  taken 
for  your  Sakes,  or  that  my  Diligence  in  faying 
ihodd  come  up  to  his  Diligence  in  doing.  I  was 
a  Wimefs,  I  lay  a  Wimeis,  as  far  as  Admiration 
permitted,  how  much  he  provided  for  your  Ho- 
nouTt  how  ferviceable  ho  was  to  your  Intereft, 
z   .  while 
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while  he  pufhed  forward  your  Bufinefi  of  Printing 
at  die  Expence  ot  his  own  Healdi  and  Subftance, 
the  Praife  of  which  will  endure  to  the  moft  dilbnt 
Pofterity  imprmted  on  fhining  Charafters,  and 
aciecr^ted  to  Eteminr  with  the  facred  Writinoa 
themfelves,  whofe  Value  and  Excellence  he  has  in 
(bene  ion  advanced.  But  while  I  am  fbeaking  of 
tUs,  I  cannot  obferve  without  sreat  Aftonifhment, 
a  Man  grown  up  in  Years,  and  in  a  bad  State  of 
Health,  to  have  been  able  if  he  was  willing,  or 
willing  if  he  was  able,  to  ufe  fuch  Vigilance  over 
die  Affairs  of  others,  as  perhaps  none  elle,  even 
in  die  Prime  of  his  Strength  and  Vigour,  would 
have  ufed  over  his  own.  So  great  an  Ardour  in- 
flamed him  of  meridngWell  of  you,  fuch  a  Define 
of  finilhii^  the  great  Work  he  had  b^un,  that 
the  Strcngdi  of  his  Body  and  Vigour  of  his  Mind, 
feemed  to  cncreafe  with  his  Years,  and  the  nearer 
he  approached  to  the  End  of  his  Life  the  more  vi- 
goroufly  he  feemed  to  be  carried.  But  why  do  I  com- 
memorate his  Diligence  in  this  Performance,  rather 
than  mendon  the  unwearied  Study  wherewith  he  un- 
dertook it,  and  his  great  Benevolence  fhewn  towards 
vou  ?  For  indeed  you  owe  the  firft  Fruits  of  this 
huge  Benefit,  in  Part  to  him :  our  great  Benefactor 
being  excited  by  his  Admonidon,  perfuaded  by 
his  Advice,  and  drawn  by  his  Exhortation,  both 
to  inftituce  this  Mathematical  Profefllon,  and  to 
endow  and  adorn  your  Library  with  a  moft  choice 
Treafure  of  Books.  For  is  not  he  to  be  accounted 
the  Author  of  a  Benefit  who  hath  gained  and  as  it 
were  given  you  the  Benefaftor  himfelf,  who  hath  as 
well  profited  for  you  out  of  another  Perfon's  Wealth, 
as  out  of  his  own  Wifdom,  his  own  Good-Will  i 
and  who  hath  derived  upon  your  Grounds  the  over- 
flowing Streams  of  another's  Munificence?  With- 
out whom  indeed  k  had  not  been,  k  could  not  be 
10  Day  that  I  could  congratulate  you  upon  the  Ac* 
a  2  ce6 
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cefe  of  fuch  a  Help  to  your  Studies,  fuch  an  Orni- 
ment  to  the  Univerfity,  fuch  an  Example  to  the 
Age :  Here  my  Tongue  falters,  my  Invention  fails, 
and  my  Mind  ceafes  to  fumifti  me  with  Words 
in  any  wife  liiitable  to  fo  vaft  a  Benefit,  the  Great- 
nefs  of  which  is  eafier  to  be  conceived  than  cx- 
prefled.  I  will  therefore  forbear  attempting  fo  in- 
fuperable  a  Difficulty,  only  give  me  leave  to  declare 
this  one  Thing,  that  the  laft  Gentleman's  remark- 
able Kindnefs  towards  me  has  merited  a  far  greater 
Teftimony  of  Gratitude. 

_  What  dien  can  be  faid  of  thefe  two  worthy  Per- 
fons  appointed  for  this  Office  ?  Did  they  violate 
the  Truft  committed  to  them,  or  delude  the  Hope 
conceived  of  them  ?  Were  they  too  intent  upon 
their  own  private  Advantage,  or  did  they  delay 
the  hoped  tor  Benefit  for  many  Years  ?  Nay,  did 
they  permit  even  one  Year  to  pafs,  without  being 
a  Wimefs  of  the  Difcharge  ot  their  Trufl,  of  the 
Anfwer  of  their  Appointment  ?  They  apply  them- 
lelves  quickly  to  the  Work,  take  fpeedy  Care  of 
procuring  you  Books,  purchafe  Lands  for  the  Pro- 
fcflbr's  Salary,  prefcribe  Laws  for  determining  the 
Office  -,  in  fum,  leave  nothing  undone  to  prevent 
the  Corruption  of  the  Meaning  of  fo  great  a  Be- 
nefit by  Delays;  fo  that  your  Hope  was  even 
anticipated  by  its  Expedition,  and  you  fcarcely 
iooner  knew  what  you  had  to  expeft,  than  you 
perceived  yourfclves  in  the  adtual  PofTefTion  :  I 
laid  they  prefcribed  Laws,  but  I  will  not  prefume 
to  declare  your  Judgment  of  them,  nor  arrogate 
(b  weighty  a  Cenfure  to  myfelf,  how  juft  they  are 
in  themfelves,  how  profitable  to  your  Studies,  and 
how  fuitable  to  your  Circumflances.  At  leafl  I 
dare  affirm  this  for  certain,  that  of  feveral  able 
and  unprejudiced  Judges,  Men  of  Worth  and  Ho- 
nour who  have  fecn  them  (I  (peak  within  compafs, 
ior  a  great  many  law  them  who  were  no  leis  emi- 
nent 
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mt  for  their  hi^  Dignity  than  their  remarkable 
Wildom)  the  moft  approved  well  of  them ;  and 
their  Number  was  not  fmall  that  judged  them 
worthy  of  all  Commendations)  however,  fb  far 
worthv,  that  when  fecQ,  no  Body  oppofed  their 
Eftahufliment  by  the  King's  Authority.  And  hav- 
'mg  thus  efieftually  performed  their  Parts,  they  were 
not  yet  concent  to  proceed  no  farther,  but  fuch 
was  their  Good-Will,  that  in  fomc  Mcafure  they 
out-went  the  Limits  of  their  Power,  obtaining  to 
diis  Place  a  good  many  Privil^es  farther  from  the 
King's  Clemency,  which  tbemfelves  could  not  bring 
about,  fuch  as  were  either  very  profitable  or  alto- 
gether neceffiuy:  By  which  Means,  whoibever 
fliall  hereafter  obtain  the  OfHce  of  this  Profefljon 
will  be  obliged  in  Gratitude  to  acknowledge  and 
confefi  them  its  fecond  Founders,  at  leaft  principal 
Fautors,  I  will  venture  to  fpeak  no  farther  of  thofe 
Reverend  Heads  of  Colleges,  by  whofe  Advice 
this  Affair  was  chiefly  carried  on,  who  are  as  much 
fuperior  to  me  in  Judgment  and  Eloquence,  as  in 
Years  and  Dignity  ;  I  only  beg  leave  to  make  this 
one  Remark,  that  as  to  what  relates  to  the  common 
Good,  they  have  aAed  wiiely  and  moderately,  as 
it  became  fuch  Men  ;  but  all  of  them  have  laid  no 
fmall  Obligations  upon  me,  and  ^bove  all  I  am  ia 
the  higheft  Degree  bound  to  the  two  moft  worthy 
Vice-Chancellors  of  the  lafl  and  the  prefent  Year, 
for  their  fmgular  Kindnei^  and  Benevolence  to* 
wards  me. 

Thus  the  Debt  of  a  grateful  Remembrance  be- 
mg  in  fome  fort  difcharged,  it  will  perhaps  be  cx^ 
pelted  that  I  fhould  declare  fome  out  ot  die  way 
Things,  as  particularly  to  fhew  what  Reafon  in- 
duced me  to  defert  my  former  Office  for  undertake 
ing  a  new  onet  which  it  may  be  will  make  me  look 
in  the  Eyes  of  fome,  as  a  Man  of  a  wavering  or 
uncon(Unt  Difpofitlon,  too  negligent  of  my  owa 
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Credit,  and  carclefi  of  yours  :  Which  Pcrfbns, 
any  fuch  there  are,  would  do  better  to  modeta 
the  Acrimony  of  their  Judgment  with  a  more  dc! 
berate  Advice,  and  not  rafhly  meafure  the  State  < 
another  Perforfs  Mind  by  their  own  Meafiir 
The  firmeft  Rocks  do  now  and  then  bear  tl 
Surges  of  contrary  Tides,  and  die  moft  confta 
Men  arc  oftentimes  moved  with  the  vario 
Changes  of  Things.  As  to  what  belongs  to  tl 
Matter ;  I  who  upon  Cbnftraint  had  engaged  n 
iclf  in  the  Province  erf"  Greek  Prcrfcflbr,  then  d 
fireable  to  none  by  reaibn  of  the  fmali  or  evt 
no  Reward  for  the  vaft  Labour  attending  it,  wh 
I  conjeftured  there  were  fnany  both  very  willu 
to  undertake  and  able  to  difcharge  that  Office^ 
jbNcing  for  their  Intereft  fo  to  do,  I  conceived  the 
was  nothing  to  hinder  me  from  entirely  followii 
my  own  Inclination,  when  it  was  no  Inconvenien 
to  you,  and  from  changing  a  heavy  Labour  wi 
a  very  light  Gain,  by  withdrawing  myfelf  fro 
the  Drudgery  of  Grammar  to  the  more  defireab 
E3cerciie  of  Mathematics.^  For  though  I  was  nev 
whollv  averfe  to  PbUology^  yet  not  to  diffemble, 
was  always  more  deeply  in  Love  with  Pinlofopir 
iho*  I  did  not  morofely  defpife  the  foortive  Diverfi! 
about  Words,  yet  I  had  a  more  hearty  Inclinatic 
for  the  ferious  Enquiry  into  Things  ;  I  am  n 
imjpatient  of  all  kind  of  Labour,  yet  I  am  mc 
dehrous  of  a  moderate  Eafc ;  I  would  fo  far  rcfni 
from  all  Injury  towards  others,  as  to  preferve  n 
own  Freedom  over  myfelf:  In  Ihort,  though  I  e 
gaged  myfelf  to  be  moft  obedient  to  your  Pk 
fure,  and  moft  mindful  of  your  Authority  ;  j 
did  I  never  altogether  renounce  my  Liberty :  I  d 
not  enflave  myfelf  to  Grammar  Learning,  nor  fi 
fared  my  Ears  to  be  lx)rcd  through  with  t 
Languages,  fo  as  to  make  it  ever  after  unlawfiil  f 
ffC  (0  by  (K>ld  QQ  m  honeft  Opportunity  of  delivc 
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ing  myfelf ;  much  Ids  to  difobligc  my  Friends, 
wWle  they  invited  me  to  an  Office  indeed  lefi  ho- 
oourable,  but  much  more  convenient,  more  ac- 
ceptable to  my  Inclination,  and  which  abounds 
with  much  more  Freedom  and  Leiiurc,  What 
needs  more?  I  ufed  my  own  Right  and  did  not 
invade  that  of  others ;  I  left  my  own  Profeflion, 
and  did  not  thruft  others  out  of  theirs  ;  I  ftripped 
myiclf  of  an  Honour  beyond  my  Defert,  without 
degrading  any  one  from  his ;  much  leis  did  I  feek 
to  diflionour  you,  who  are  moft  beloved  and  re- 
verenced by  me  •,  for  whom  I  have  always  had  the 
deepeO:  Affeftion  and  moft  profound  Efteem,  and 
for  whofe  Honour,  if  any  one,  furely  I,  did  ever 
according  to  my  fmall  Ability  fhew  myfelf  the 
moft  obicquious,  the  moft  refpeftful,  with  Heart 
and  Hand,  with  Word  and  Deed.  Nor  did  I 
ever  in  the  leaft  depart  from  your  Converfation, 
but  when  driven  by  lome  juft  Neceflity,  when  con- 
Ihained  by  hard  need.  No  Device  could  com- 
pel, no  Condition  entice  me  fi-om  you,  or  make 
me  altogether  defert  your  Camp ;  nor  did  I  ever 
fight  under  any  other  Colours,  but  your  own.  But 
I  have  not  indeed  fo  much  forfaken  your  Confines 
as  enlarged  your  Jurifdiftion,  I  have  not  difho- 
noured  your  Name,  but  have  extended  it ;  nor  do 
I  leem  to  be  carried  fo  much  by  my  own  Head,  as 
by  a  certain  Fate  careful  and  apprehenfive  of  your 
future  Advantage  ;  that  the  Prelude  I  am  now 
making  to  the  Exercife  I  am  about  to  enter  upon, 
in  this  celebrated  Circus,  might  ferve  alfo  in  fomc 
other  more  obfcure  Place.  Whofoevcr  then  unge- 
neroufly  reproaches  me  for  this,  as  a  faithlefe  De- 
ferter,  or  fugitive  Servant,  let  him  look  what  juft 
and  likely  Reafons  he  has  for  fo  doing. 

However  I  cannot  but  joyfully  congratulate  my* 
felf,  that  after  having  efcaped  fo  many  Errors,  been 
delivered  from  fo  many  Difquietudes,  experienced 
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^o  many  Chang<:s  •,    I  have  at  length  arrived  at 
this  ftill  Port,  and  am  rcpofed  in  fo  fafc  a  Station. 
For  nothing  could  ever  have  happened  more  agree- 
able to  my  Wifhes,  than  to  be  placed  in  the  Bofom 
of  our  gracious    Mother  the  Univerfity,    which 
abounds  with  all  Manner  of  innocent  Delights  ; 
even  in  your  Society  (confifting  of  Men  endowed 
with  the  moft  mgenuous  Difpofition,  fincere  Af- 
fcftion,   fublime  Underftanding,  and  unparalleled 
Learning)  which  in  my  Opinion  is  to  be  envied 
by  Kings  themfelves  -,    in  the  moft  beautiful  Pa- 
lace of  the  Mufes,  the  moft  facred  Temple  of  Vir- 
tue, the  moft  noble  School  of  Wifdom,   and   il- 
luftrious  Theatre  of  great  Examples :  Here  to  cul- 
tivate my  Underftanding,  form  my  Manners,  com- 
pofe  my  AfFeftions,  and  learn  the  Liberal  Sciences 
along  with  you  f  being  bound  to  you  in  a  fufHciently 
honourable  and  eafy   Servitude,    and   enjoying    a 
Condidon  by  no  means  to    be  dcfpifed)  is  what, 
mi^t  I  have  my  free  Choice,  I  would  a  hundred 
Times  fooner  always  chufe,   than  to   live  in  the 
Pomps  of  a  Court,  the  Tumults  of  a  City,  or  So- 
litudes of  a  Country  ;  did  I  fare  ever  fo  delicately, 
abound  with  the  greateft  Plenty,  fliow  with  all  kind 
of  bodily  Pleafures,  and  were  honoured  with  the 
higheft  Tides.     Which  Happinefs  granted  me  by 
the  fuigular   Kindnefs  of  a    benign  Providence, 
favourably  regarding  my  Affairs  while    diftrefled 
in  the  higheft  D^ree  by  thefe  late  Calamities,  I 
look  upon  with  that  humble  Reverence  and  pious 
Devotion  of  Mind,  which  is  meet  towards  the  Di* 
vine  Majefly,     And  I  alfb  do  gratefully  acknow- 
ledge and  embrace  the  Benevolence  of  good  Men 
given  mc  of  their  own  moft  free  Choice,  without 
the   leaft    Entreaty  or  Solicitation  of  mine  ;    to 
whom,  becaufe  I  am  not  able  to  make  any  fuitablc 
Return,  I  will  however  do  what  in  me  lies  in  the 
Difchargc  of  iny  Oflicc,  that  they  may  neither  re- 
pent 
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pent  of  their  Benefits  conferred  upon  me,    nor  be 
afhamed   of  their  Sendments  conceived  of  mc. 
Which  I  do  not  fpeak,  as  if  I  were  inlenfible  of 
my  own  Meannefs,  or  did  arrogate  any  Thing  to 
myfelf  (for  I  openly  confeis  that  Weaknejls  and 
Unwortfiinefi,  which  I  inwardly  perceive)  but  to 
be  a  Spur  to  my  Diligence,  a  Support  to  my  tot- 
tering Underftanding,  that  I  defpair  not  of  fupply- 
ing  what  is  wanting  in  mc  with  Induftry,  ancf  rc- 
compenfing  mj  Inabilitv  with  Care.    But   from 
you,  who  are  hberally  educated,  I  hope  for,  nay 
I  promife  to  myfelf  every  Thing  worrfiy  your  Can- 
dor and  Humanity ;  nor  do  I  in  the  Icaft  doubt, 
but  as  you  have  hitherto  fitvoured  me  with  your 
good  Wiflies,  you  will  alfo  now  receive  mc  wirii 
Kindnefi  ;    being  not  unmindfal  of  the  Good-Will 
which  I  have  (hewn  heretofore  of  recalling  thefc 
Mathematical  Studies  from  their  Exile,  and  bring- 
ing them  out  of  Darknefs  into  Light. 

And  if,  while  I  was  a  private  Perfon  nor  other- 
wife  obliged,  being  enamoured  only  with  the  Love- 
linds  of  the  Thing,  I  (hewed  fuch  hearty  Delircs 
and  Endeavours  to  have  thefe  Sciences  in  the  higheft 
Degree  recommended  to  yoy ;  it  cannot  now  be 
doubted  but  by  Reafon  of  my  publick  0(fice,  and 
more  folemn  Engagement,  I  will  more  diligendy 
apply  myfelf  to  their  Promotion  according  to  my 
flender  Ability  ;  fince  what  was  then  an  Inclination 
becomes  now  a  Duty.  But  what  the  Laws  do 
ftriftly  require  of  me,  that  I  have  always  (hewed 
the  greateft  Readinefs  to  perform,  fo  that  I  did  not 
only  willingly  admit,  but  earneftly  invited  you  of 
my  own  Accord,  to  familiar  Meetings,  fo  that  I 
not  only  once  or  twice  every  Week  opened  the 
Doors  of  my  private  Chamber,  but  daily  pubWh'd 
the  inward  Secrets  of  my  Heart,  and  unfolded  my 
BreaA  to  all  Comers, 
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If  k  be  then  vour  Fleafure^  ye  Lovers  of  Study^, 
come  always  ;  be  not  reftrained  through  any  Fear, 
or  retarded  by  too  much  Modefty ,  what  you  may  do 
by  your  Ri^>  you  fhall  make  me  do  willingly^ 
nay  gjadly  aiKi  joyfully.  Alk  your  Qucftions, 
make  your  Enquines,  bid  and  command  ;  you 
fliall  neither  find  tnc  averfe  nor  refractory  to  your 
Commands*  but  officious  and  obedient.  If  you 
meet  with  any  Obftacles  or  Difficulties,  or  are  re- 
tarded with  any  Doubts  while  you  are  walking  in 
the  cumberfbme  Road  oi  this  Study  of  Matbema- 
Mcsy  I  beg  you  to  impart  them,  and  I  ihall  endea- 
vour  to  remove  every  Hindrance  out  of  your  Way 
to  the  bcft  of  my  Knowledge  and  Ability,  But  if 
nodiing  elfe  can  comjpel  you  to  apply  yourfelves 
vigoroufly  to  thefe  Difciplines,  and  labour  diligently 
in  this  Exercife,  at  leaix  that  Spur  of  noble  Minds* 
the  Thirfl  of  following  all  great  Examples,  which 
always  finks  deep  into  generous  Difpofitions,  ihould 
the  more  Ibrongly  provoke  and  enflame  you. 

For  to  pais  by  thofe  Ancients,  the  wonderfiJ 
Pythagoras^  the  fagacioiis  Democritus^  the  divine 
jpiatOj  the  moft  fubde  and  very  learned  Arijlotlej 
Men  whom  every  Age  has  hidierto  acknowledgecl 
and  defervedly  honoured,  as  the  greateft  Philolb- 
phers,  the  Ring-leaders  of  Arts  ;  in  whole  Judg- 
ipents  how  much  thefe  Studies  were  efteemed,  is 
abundandy  proclaimed  in  Hiflory  and  confinncd 
by  their  famous  Monum^ts,  which  are  every  where 
interfperfed  and  befpangled  with  Mathematical 
Reafonii^  and  Examples,  as  with  {o  many  Stars ; 
and  confequendy  any  one  not  in  fome  Degree  con- 
yerfant  in  thefe  Studies  will  in  vain  exped  to  un- 
derftand,  or  unlock  their  hidden  Meanings,  with* 
out  the  Help  of  a  Mathematical  Key :  For  who 
can  play  well  on  Ariftotl^s  Inilrument  but  with 
a  Mathematical  Quill  ;  or  not  be  altogether  deaf 
to  the  Lefibns  of  natural  Pbifofopfy^  wUUe  igno- 
rant 
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rant  of  Getmetry  ?  Who  vend  d[{Ge<metry  fhall  I 
lay,  OS)  ArUbmetic  can  apprehend  Platcis  Socrates 
Ii4>ing  with  Children  concerning  Scjuate  Numbers ; 
or  can  conceive  Plato  himlelf  treating  not  only  of 
die  Univerfe,  but  the  Polity  of  Cbmmonwealths 
r^ulated  by  the  Laws  of  Geometry,  and  formed 
according  to  a  Mathemadcal  Plan  ?  Nor  to  men- 
don  diofe  Modems  refembling  and  nearly  equallii^ 
the  Aiunents  in  Sagacity,  viz.  GaliUuSy  Gajjendus^ 
Gilberiusy  MtrccnnuSy  CarUjtus^  and  fuch  others  6£ 
ikt  pr^nt  Age  as  were  famous  for  having  ex- 
toided  die  Circuits  of  Natural  Science  bevond  its 
ancient  Bounds,  depending  onl)r  on  the  Matbema* 
dcs  i  die  Si^  of  whole  Wrifings  every  where 
fhining  with  the  Rays  of  Geometrical  Diagrams, 
the  Unflulfiil  in  thefe  Things  are  afraid  of,  as  io 
many  Owls  at  the  bright  Splendor  of  the  Sun :  Let 
us  rather  take  a  View  ot  thefe  Sciences,  fuch  as 
this  Day  they  are  prefented  to  you,  dignified  in  the 
Robes  of  Nobles,  glorying  in  the  Tides  of  Princes, 
and  fitting  upon  the  Thrones  of  Kings  themfelves : 
All  whom  it  would  yet  be  unmannerly  to  com- 
pre,  and  moft  unjufl:  to  prefer  to  you,  in  any 
Kind  of  ing^bus  Literature  :  Efpecially  fince  you 
vcannot  merit  the  Name  or  fuftain  the  Dignity  of 
an  Univerfity  upon  any  other  Account,  than  by 
prcferving  to  yourfelves  a  Knowledge  more  than 
common  in  all  Kinds  of  Science  becoming  a  gene- 
rous Mind ;  and  by  taking  away  every  Occafion 
of  Calumny  from  all  who  either  envy  your  Hap- 
pmefs,  or  emulate  your  Fame  ;  not  fpending  your 
Time  like  In&nts  in  learning  the  Languages,  nor 
neglcfting  the  Care  of  fearching  after  Truth  for 
<lig|ging  up  fbolifh  Fables  out  of  the  Rubbifh  of 
obfolete  Antiquity ;  not  affefting  the  vain  Trap- 
pings of  Words,  and  the  Delufions  of  a  painted 
Speech,  while  die  Nature  of  Things  lies  unre- 
fevded^  and  the  Uie  of  plain  Reafon  is  fet  afide  ; 
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not  laftiy  abuTing  your  Lcifure,  playing  away  your 
Time,  and  mifcrably  wrcfting  and  torturing  your 
Wits  with  fophiftical  .Trifles  and  empty  Jargon, 
engaging  younelves  in  barren  Difj)utcs,  infifting 
upon  uncertain  Conje£hires,  and  venting  of  doubt- 
ful Opinions. 

Theie  Reproaches  (which  I  confefs  are  thrown 
upon  you  by  way  of  Banter  and  without  Caufe) 
you  may  either  eafily  wipe  off,  or  entirely  avoid, 
by  only  applying  yourfelves  to  the  Study  of  thq 
Mathematics  with  that  Diligence  which  is  requifite  : 
The  Mathematics^  I  fay,  which  effeftually  exer- 
cifcs,  not  vainly  deludes  nor  vexatioufly  torments 
ftudious  Minds  with  obfcure  Subtilties,  perplexed 
Difficulties,  or  contentious  Difquifitions  ;  which 
overcomes  without  Oppofition,  triumphs  without 
Pomp,  compels  without  Force,  and  rules  abfolutely 
without  the  Lofe  of  Liberty  ;  which  docs  not 
privately  over-reach  a  weak  Faith,  but  openly  af- 
uults  an  armed  Reafbn,  obtains  a  total  Vi(flory, 
and  puts  on  inevitable  Chains  •,  whole  Words  are 
ib  many  Oracles,  and  Works  as  many  Miracles  ; 
which  blabs  out  nothing  rafhly,  nor  defigns  any 
Thing  from  the  Purpofe,  but  plainly  demonflrates, 
and  readily  performs  all  Things  within  its  Verge  -, 
which  obtrudes  no  falfe  Shadows  of  Science,  but 
the  very  Science  itfelf,  the  Mind  firmly  adhering  to 
It,  as  foon  as  poflefled  of  it,  and  can  never  after 
defert  it  of  its  own  Accord,  or  be  deprived  of  it 
by  any  Force  of  others :  Laftiy  the  Mathematics, 
which  depends  upon  Principles  clear  to  the  Mind, 
and  agreeable  fo  Experience  •,  which  draws  certain 
Conclufions,  inftruds  by  profitable  Rules,  unfolds 

}>leafant  Queftions  ;  and  produces  wonderful  Ef- 
efts ;  which  is  the  fruitful  Parent  of,  I  had  almofl; 
faid  all.  Arts,  the  unfhaken  Foundation  of  Sciences, 
and  the  plehtifiil  Fountain  of  Advantage  to  Humaq 
Af&irs.    In  which  laft  Reiped,  we  may  be  faic^ 
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to  rtceive  from  the  Mdtbematics^  the  principal  De- 
lights of  Life,   Securities  of  Health,  Increale  of 
Fortune9  and  Conveniences  of  Labour  :  That  we 
dwell  elegantly   and  commodioufly,  build  decent 
Houfes  fbr.ourtelves,  ereft  ftately  Temples  to  God, 
and  leave  wonderful  Monuments  to  Pofterxty  :  That 
we  are  proccAed  by  thofe  Rampires  from  the  In- 
curiions  of  the  Enemy  \  rightly  tue  Arms,  fkilfully 
range  an  Army»  and  manage  War  by  Art,  and 
not  by  the  Madnels   of  wild  Beafts :   That^  we 
have  lafe  Traffick  through  the  deceitful  Billows, 
pais  in  a  dir^  Road  through  the  trafUels  Ways 
of  the  Sea,  and  come  to  the  defigned  Ports  by 
the  uncertsun  Impulfe   of  the  Winds  :  That  we 
ri^tly  caft  up  our  Accounts,  do  Bufineis  expedi- 
tioufly,  diipole,   tabulate,  and  calculate  fcattered 
Ranks   of  Numbers,   and  eafily  compute  them, 
though  exprcflive  of  huge  Heaps  of  Sand,  nay  im- 
menle  Hills  of  Atoms :  That  we  make  pacifick 
Separations  of  the  Bounds  of  Lands,  examine  the 
Moments  of  Weights  in  an  equal  Balance,    and 
diftribute  every  one  his  own  by  a  juft  Meafure: 
That  with  a  light  Touch  we  thruft  forward  vafl 
Bodies  which  way  we  will,  and  flop  a  huge  Re  - 
fiftance  with  a  very  fmall  Force  :  That  we  accu- 
rately delineate  the  Face  of  this  Earthly  Orb,  and 
fubjedl  the  CEconomy  of  the  Univerfe  to  our  Sight : 
That  we  aptly  digeft  the  flowing  Series  of  Time, 
diflinguilh  what  is  afted  by  due  Intervals,  rightly 
account  and  difcem  the  various  Returns  of  the  Sea- 
fons,  the  fbited  Periods  of  Years  and  Months,  the 
akemate  Increments  of  Days  and  Nights,  the  doubt- 
ful Limits  of  Light  and  Shadow,  and  the  exa6b 
DiScrcnces  of  Hours  and  Minutes  :    That  we  de- 
rive the  liibde  Virtue  of  the   Solar  Rays  to  our 
Ufes,  infinitely  extend  the  Sphere  of  Sight,  enlarge 
the  near  Appearances  of  Things,  bring  to  Hand 
Things  remote,   difcovcr  Things  hidden,   fearch 
a  Nature 
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Nature  out  of  her  Concealments,  and  unfold  her 
dark  Myfteries  :  That  we  delight  our  Eyes  with 
beautiful  Images,  cunningly  imitate  die  Devices 
and  portray  the  Works  of  Nature  ;  imitate  did  I 
txy  ?  nay  expel,  while  we  form  to  ourfelves  Things 
not  in  being,  exhibit  Things  abient,  and  reprefent 
Things  paft :  That  we  recreate  our  Minds  and  de- 
light our  Ears  with  melodious  Sounds,  attemperate 
the  inconftant  Undulations  of  the  Air  to  mufical 
Tunes,  add  a  pleafant  Voice  to  a  fapleis  Log  and 
draw  a  fweet  ^oquence  from  a  rigid  Metal ;  cele- 
brate our  Maker  with  an  harmonious  Praiib,  and 
not  unapdy  imitate  the  bleflcd  Choirs  of  Heaven : 
That  we  approach  and  examine  the  inacceffible  Seats 
of  the  Clouds,  the  diflant  Traits  of  Land,  unfi-e* 
quented  Paths  of  the  Sea ;  lofty  Tops  of  the  Mounr 
tains,  low  Bottoms  of  the  Valleys,  and  deep  Gulphs 
of  the  Ocean :  That  in  Heart  we  advance  to  the 
Saints  thcmfelves  above,  yea  draw  them  to  us, 
fcale  the  ethcrial  Towers,  freely  range  through  the 
celeftial  Fields,  meafure  the  Nlagnitudes,  and  de- 
termine the  Intcrfticcs  of  the  Stars,  prefcribe  invio* 
lable-  Laws  to  the  Heavens  themfdves,  and  con- 
fine the  wandering  Circiuts  of  the  Stars  within 
ftriffc  Bounds  :  LafUy,  that  we  comprehend  the 
huge  Fabrick  of  the  Univerle,  admire  and  con- 
template the  wonderful  Beauty  of  the  Divine 
Workmanfhip,  and  fo  learn  the  incredible  Force 
and  Sagacity  of  our  own  Minds,  by  certain  Experi- 
ments, as  to  acknowledge  the  Bleflings  of  Hea- 
ven with  a  pious  AfFedtion* 

I  omit  the  advantageous  Spur  to  our  Realbn 
which  accrues  from  this  Madiematical  Exercife, 
both  effechially  to  turn  afide  the  Strokes  of  true 
Arguments,  and  warily  decline  the  Blows  of  falfe 
ones  'y  to  difpute  (benuoufly  as  well  as  judge  fb- 
lidly  widi  a  Reulinefs  of  Invendon,  a  Juftnefs  of 
Method,  and  Cleamcls  of  Expreflion. 

In 
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In  like  manner  thefe  Diiciplines  ferve  to  inure 
and  corroborate  the  Mind  to  a  conitant  JDiligence 
k  Study,   to  undergo  the  Trouble  of  an  attentive 
Meditation,  and  cheerfully  contend  with  fuch  Dif- 
ficulties as  lie  in  die  Way.    They  wholly  deliver 
us  fixxn  a  credulous  Simplicity,  moft  ftrongly  for- 
tify us  againft  the  Vanity  of  Scepdciim,  em^ually 
leftrain  us  from  a  rafh  Prefiimption,   mod  eafily 
incline  us  to  a  due  Aflent,  peneftly  fiibjeft  us  to 
the  Government  of  right  Reafon,  and  infpire  us 
ymih  Refohidon  to  wreftle  againft  the  unjuft  Ty- 
ranny of  ialie  Prgudices.    If  the  Fancy  be  unib- 
Ue  and  fluftuadn^  it  is  as  it  were  poized  by  this 
Ballaft,  and  fieadied  by  this  Anchor ;  if  the  Wit 
be  blunt  it  is  Iharpened  upon  this  Whetftone  i  if 
hncurianr  it  is  pared  by  this  Knife  *,  if  headftrong 
it  is  reflrained  by  this  Bridle  ;  and  if  dull  it  is 
rouzed  by  this  Spur.    The  Steps  are  guided  by  no 
L^mp  more  clearly  through  the  dark  Mazes  of 
Nature,  by  no  Thread  more  furely  through  the  in- 
tricate Turnings  of  the  Labyrinths  of  Philofophy  ; 
nor  lafQy  is  the  Bottom  of  Truth  founded  more 
happily  by  any  other  Line.     I  will  not  mention 
with  how  plentiful  a  Stock  of  Knowledge  the  Mind 
b  fumifhed  from  thele,  with  what  wholefome  Food 
it  is  nourifhed,    and  what  fincere  Pleafure  it  en- 
joys.    But  if  I  fpeak  farther,  I  fhall  neither  be  the 
only  Perfon,   nor  the  firfl,  who  affirms  it  ;  that 
while  the  Mind  is  abllrafted  and  elevated  from 
fenfible  Matter,  diftinftly  views  pure  Forms,  con- 
ceives the  Beauty  of  Ideas,   and   inveftigates  the 
Harmony  of  Proportions  •,  the  Manners  themfelves 
are  fenfibly  corrected  and  improved,  the  AfFeftions 
compofed  and  reftified,    the  Fancy  calmed  and 
fetdod,  and  the  Undcrilanding  raifed  and  excited 
to  more  divine  Contemplations.     All  which  I  might 
defend  by  the  Authority,  and  confirm  by  the  Suf- 
frages of  the  grcatcft  Philofophcrj. 

My 
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My  Time,  my  Speech,  my  Breath,  would  fail 
me,  even  but  lighuy  to  run  over  the  principal 
Heads  of  thcfe  Things.  For  no  Words  can  jultly 
defcribe  the  Limits,  can  fully  contain  the  Advan- 
tages, can  perfe&ly  exhauil  the  Praifes  of  rUtOt 
Science,  which  wanders  through  and  encomoafles 
the  Heavens,  the  Earth,  and  the  Seas,  I  fhould 
therefore  be  very  unwife  either  to  give  myfelf  much 
Trouble,  or  tire  your  Patience  in  a  Matter  fo  much 
(poke  of  by  all,  and  by  you,  I  imagine,  fufficient- 
ly  underftcxxl.  Though  methinks  I  have  neither 
wandered  from  the  Pu^)ofe,  nor  out  of  my  Sphere, 
in  thus  exercifuig  your  Patience  -,  fince  there  can 
be  no  Introduftion  more  fuitable,  or  more  profita- 
ble to  the  Mathematics  than  Patience  itfelf  *,  nor  is 
any  Perfon  well  qualified  for  thefe  Difciplines,  but 
he  whole  Ears  have  learned  jpatiently  to  bear  an  in- 
fipid  and  empty  Oration  of  lefs  than  two  Hours 
long  without  Loathing  or  Wearinefs.  I  rightly 
named  it  an  empty  Oration,  and  therefore  the  more 
fcafonable  (for  who  can  become  elojquent  or  abound 
with  Speech  fiw  fi-om  Blame  with  the  Diet  of 
dumb  Fifhes?)  But  if  I  find  it  to  have  been  very 
dilagreeable  to  you,  I  fliall  eafily  comfort,  yea  con- 
gratulate myfelf  with  this  ftrong  Argument  and  cer- 
tain Augury,  that  I  have  to  Day  performed  the  Part 
cf  an  accomplifhed  Mathematician,  i.  e.  a  moQ: 
wretched  Orator.    I  have  done. 


♦^••♦•"^  Isaac  Barrow. 
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LECTURE    I. 

Of  the  Name  and  general  Dhifion  of  the 
Mathematical  Sciences. 

BEING  about  to  treat  upon  the  Matbenu^ 
tied  Sciences^  according  to  my  Office,  be- 
fore I  enter  into  the  inner  Parts  of  the  Edi- 
fice I  chufe  to  tarry  a  little  at  the  En- 
trance ;  and  that  I  may  humour,  or  rather  oblige 
thofe  who  come  lels  prepared  to  fuch  Studies,  fliaJl 
firft  of  all  touch  upon  certain  general  Things  be- 
longing thereto  ('tf  J.  This,  to  pafe  by  all  unneceC- 
iary  Circumftances,  I  iQiall  clofely  aflay  to  do  ia 
the  following  Method.  Firft,  I  fhall  difcourfe  a 
few  things  of  the  Name  of  thefe  Sciences  ;  then  of 
their  ObjeR  and  the  'Divifion  ariiing  from  thence  ; 
next  of  the  manner  of  handling  the  ObjeH^  or  in« 
veftigatingand  demonftratmg  its  Properties  -,  (where 
an  occafion  will  ofier  itfelf  of  enqmring  into  the 
Principles  thefe  Sciences  afliime,  the  Difierences  of 
the  Propofidons  they  exhibit,  the  twofold  Method 
of  demonftrating  by  Analyfts  and  Syntbejisy  and 
odier  Matters  of  like  kind^  laftly,  I  (hall  perhaps 
fubjoin  fonxdung  hiftorical  concerning  their  Rije^ 
Prpgrc/i^  and  Incrcafe. 

(a)  'Bfymfi^; 

B  la 
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In  the  firft  Pkce,  as  to  the  Name  ;  The  word 
Malbemalicsj  (i.  e,  Difciplines)  in  its  proper  and  pri- 
mary Signification  fcems  common  to  every  acquired 
Science,  and  vulgarly  means  no  more  than  to  attain 
to  the  Knowledge  of  fomething  we  have  hitherto 
betn  ignorant  of;  m  which  Senfe  Sextus  Empiricus 
difputing  againft  all  the  Arts  made  publick,  {viz^ 
Grammar y  Rhetoric^  Logic,  &c.)  infcribes  his 
Book  againft  the  Mathematicians  :  alio  the  chief 
Authors  of  Antiquity  ufe  the  word  Mathematics 
for  any  kind  of  Learning  whatfoever-,  {o  Plat4) : 
(b)  Theyy  fays  he,  who  are  by  nature  Arithmetic 
ciansj  do  /hew  tbemfehes  ready  to  learn  the  whole 
Mathematics,  i.  e.  every  thing,  which  is  capable  of 
being  learned.  In  like  manner  (c)  Ariftotle  -,  Every 
kind  of  Learning  and  mental  Mathematics  (or  D'tf 
cipline)  is  made  from  a  previous  Knowledge :  Among 
which  he  reckons  his  (d)  Culinary  Mathematics,  or 
Difcipline  of  preparing  Victuals.  But  what  arc 
thefe,  when  many  hundred  fuch  Inftances  occur 
here  and  there  ? 

Whence  thefe  Sciences  are  after  a  peculiar  man- 
ner ftiled  Mathematical,  i.  e.  Difciplinal  •,  and  the 

(e)  Mathematics,  or  Sciences  acquired  by  Difcipline. 
Sometimes  they  are  called  in  the  Angular  Number 
the  Mathematic,  as  by  (f)  Ariftotle.  It  is  the  pari 
of  an  Optician  to  fhew  the  Reafon  of  the  Rainbow, 
either  ftmply  or  according  to  the  Mathematic,  mean- 
ing Geometry,  from  whence  the  Optician  draws  his 
Conclufions.  Laftly,  by  a  certain  Metonymy  o\ 
the  Aftion  for  the  Objeft,  they  are  frequently  called 
Mathefis,  the  Difcipline.  For  all  which  Names 
many  different  Reafons  are  alTigned  by  different 
Perfons. 

(h)  Plat.  7.  de  Rep.         (c)  Arift.  2.  Poft.  Anal.  Initio, 
(J)  Lib.  I.  Polit  cap.  7.      ^  (e)  Tk  fMc^nfjuATti, 

(f)  O*^  T«  »if»  T^^   i^t^<^   r«  fSj»  yflip  oTi  ptMTMH  nifnu^  r«  J 

c^Vi  'O^tuu,  i  tiw)mi,  i  itmt%  ti  giii^nfkm.    i .  Anal.  Pofl.  c.  1 3 

SonK 
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Some  think  tlicy  have  this  Name  from  their  ex- 
traordinary Evidence^  Certitude^  and  Conftancy, 
becaufe  no  other  Knowledge  deftimte  of  thefe  Qua- 
lities ieems  to  deferve  the  Name  of  Difcipline^  nei- 
ther ought  any  one  to  imagine  himfeU*  to  have 
learned  that^  which  he  does  not  perceive  clearly^ 
embrace  firmly,  and  retain  rcfolutcly  (g).^  He 
that  gropes  in  Darkneis,  fluctuates  in  lus  C^inion, 
(b)  or  may  be  biafled  in  his  Judgment  in  re- 
fped:  of  any  thing,  can  by  no  means  be  (aid  to 
have  learned  that  thing.  And  fince  thefe  Condi- 
tions ag^  ^9nsi\  the  Sciences  we  are  treatmg  of, 
ddier  folely  or  at  leafl:  in  a  more  peculiar  manner 
dian  with  any  other,  they  therefore  merit  the  Tide 
of  Difctplines  or  Matbctnatics^  to  be  appropriated 
to  them,  by  way  of  Eminence. 

Others  think  them  {o  denominated,  becaufe  be* 
ing  fbmething  difficult  in  themfelves  they  require 
the  previous  help  of  a  Mafter  or  Interpreter,  and 
ought  to  be  applied  to  with  very  great  Study  and 
Attention  :  according  t)  that  Saying  of  Plato  (i). 
The  Mathematics  are  no  where  fet  by^  and  are  faint- 
ly applied  tOj  by  reafon  of  their  Difficulty^  and  be-* 
caufe  the  Students  require  a  Guide,  without  which 
they  are  not  to  be  acquired.  And  ProcluSy  at  the 
End  of  the  firft  Commentary  upon  his  firft  Ele- 
ment, feems  to  aflign  a  Reafon  of  this  Ibrt ;  which, 
becaufe  by  fbme  it  is  more  feverely  carped  at  than 
dioroug^y  underftood,  I  fhall  therefore  relate. 
According  to  him,  the  Method  of  attaining  the 
Knowledge  of  things  is  threefold,  viz.  Firft,  by 
Senfatian^  or  the  Impreffion  commg  from  without. 
Secondly,  by  Opinion^  or  the*  inward  Motion  of 
the  Fancy :  And  thirdly,  by  the  difcurfive  Ope- 
ration of  the  Mind  learching  out,  and  as  it  were 
roufii^  fiom  Sleep,  the  internal  Images  that  lie 

(f)  Arift^        (h)  i.Poft.  Anal.  c.2.         (i)  7.  dcRcp. 

B  2  treafured 
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treafured  up  in  it.  Which  laft  may  be  appofitely 
called  Difciplinej  as  being  a  kind  of  (k)  Remen^ 
brancfj .  and  becaufe  the  word  (I) Difcipline  may  pro- 
perly refpeft  any  Knowledge  for  the  acquiring  of 
which  we  come,  not  indeed  perfectly,  yet  in  fomc 
meafure,  prepared  from  a  certain  previous  (though 
fomewhat  pbfcure  Notion)  of  the  thing  to  be  learn- 
ed -,  in  which  Cafe  the  Mind  executes  the  Office  of 
a  Miftrefs  teaching  and  inflrufting  herfelf.  And 
becaufe  this  Method  of  acquiring  Knowledge  agrees 
principally  to  the  Mathematics;  as  being  fuch, 
which,  to  irfe  the  words  of  ProcluSy  do  promote 
Knowledge,  excite  Contemplation,  purify  the  TboughS^ 
draw  forth  the  internal  Images,  take  away  Forget- 
fulnefs  and  Ignorance,  and  dtffolve  the  Chains  of  Er- 
ror y  alfo  fince  the  Followers  of  Pythagoras,  who 
either  firfl  invented  or  firfl  cultivated  the  Mathema- 
tics, do  fay  the  fame  Things  of  them  ;  they  are 
therefore  fo  named  by  reafon  of  the  manner  of  in- 
venting them,  and  becaufe  they  merit  the  Title  of 
Difcipline.  Thefe  are  nea#y  the  words  of  Proclus, 
which  are  indeed  both  fubde  and  ingenious. 

But  perhaps  all  thefe  Things  are  more  elegantly 
devifed  than  truly  aflerted.  For.  neither  does  this 
Term  (with  many  others)  feem  fo  much  taken 
from  nice  Reafoning,  as  from  common  Ufe,  depend- 
ing on  a  probable  Caufe.  Therefore  I  rather  judge 
the  Mathematics  to  be  fo  called,  becaufe  when  the 
Grecians  firfl  begun  to  apply  themfelves  to  die 
Study  of  Arts,  thefe  only  were  delivered  in  the 
Schools ;  the  odier  Arts  being  not  yet  invented  for 
the  Inftruftion  of  their  Youth.  They,  I  fay,  flu- 
died  thefe  Arts  alone,  no  other  being  known  to  them, 
except  Philofopby  j  which  was  not  fo  much  learned 

(g)  *Avufjt,9na-K  from  fjutfA^xm^    to  bring  to  mind. 
(h)  Ma^tirti  from  fjbtct^tasif,  to  leam.     Which  words,  he  tikes 
notice,  may  feem  to  proceed  figm  U>C  iame  Original^  and  be  of 
sear  fignificatiOQ. 

by 
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by  the  Youth,  as  anxioufly  fou^t  after  by  the 
Aged  :  for  in  thofc  early  Times  there  was  fcarcc 
found  any  among  them,  who  attained  to  a  Pitch 
of  Learning,  ib  bold  as  to  profefs  himfelf  a 
(i)  Pbilojbpbcr  ;  and  thofe  wandering  Sophifts  that 
firft  arrogated  the  Title,  were  defcrvedly  puniflied 
by  Socrates.  But  fome  tune  after,  the  otner  jirls 
xAfVriHng^  Sjpeaking znd  Difputing  took  their  rife: 
And  ind^  the  Art  of  JVriting  (I  mean  Grammar) 
is  referred  by  moft  to  Arijltdle  \  at  leaft  it  feems  to 
have  taken  its  banning  about  his  Time  ;  for  the 
mention  which  is  made  by  Plato  concemmg  the 
Invention  of  {k\  Grammar  by  ^eutb  an  Egyptiariy 
I  take  to  be  only  fpoke  of  the  bare  Defcription  of 
Letters,  (indeed  a  moft  ufeflil  and  wonderful  Ar- 
tifice) but  in  no  wife  of  Grammar  Precepts  adjuft- 
cd  into  the  form  of  an  Art,  concerning  which  I  am 
of  Opinion  fcarce  any  thing  was  known  to  Plato. 
The  Art  o^  Speaking  (or  Rhetoric)  Cicero  relates 
to  have  been  begun  by  the  two  Sicilians^  Corax  and 
^i/iasj  a  little  before  Plato,  and  was  put  into  wri- 
ting by  Arijiotle:  Butthefe  two  only  teem  to  have 
drawn  the  firft  Draughts,  or  begun  the  Foundati- 
ons of  the  Art,  as  Arijiotle  intimates  at  the  End  of 
his  Book  of  Sopbiftry.  Laftly,  the  Art  of  Difpu- 
ting (or  Logic)  took  its  beginning  from  Eleates 
Zenoy  a  Cotemporary  and  Companion  of  Socrates^ 
and  fcarcely  was  reduced  by  Arijiotle  to  the  Method 
of  an  Art  (as  himfelf  teftifies)  •,  at  leaft  it  was 
wholly  unknown  to  the  (1)  Pythagoreans,  and  moft 
other  Philofophers  before  Plato.  It  feems  in  that 
Infancy  of  Learning  thcfe  popular  Arts  were  not 
yet  grown  to  Maturity  :  It  had  not  yet  come  into 
Merfs  Heads  that  either  the  Faculty  of  writing  Ikil- 
fiilly,   or  fpeaking  eloquendy,  or  difputing   fub- 

fO  Or  Uafier  rf  mfiom.  (k)  Plat,  in  Phikbo. 

(I)  Arift.  I-  Mcup.  cap.  6. 

B  3  tilly 
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tilly  were  to  be  drawn  from  Precepts  ;  which  per^ 
adventure  they  cither  thought  natural  to  every  one, 
or  believed  them  to  be  more  cafily  attainable  by 
daily  Ufe  than  an  elaborate  Education  ;  nor  did 
they  think  themfelve^  much  deceived  by  Expc- 
rience. 

In  thofe  firft  Ages  then  Men's  whole  Studies 
were  employed  about  thefe  two  Studies,  viz.  Ma% 
f  hematics  and  Pbilofopby  \  the  former  of  which  was 
wont  to  be  inftilled  into  the  Youth  by  fkilful  Ma* 
Iters  in  the  Schools,  die  latter  did  exercife  the 
Contemplation  of  the  more  Aged  in  their  more  fe* 
cret  Retirements :  the  former  prepared  Men's  Minds, 
nnd  paved  their  Way  to  the  latter.  To  which 
may  be  referred  that  triple  Commentary  writ  by 
Pythagoras^  which  Laertius  mentions,  (m)  viz^ 
JnjHtutivej  CiviU  and  Natural^  in  which  the  whole 
Literature  of  thofe  Times  does  feem  to  be  com- 
prehended !  nor  is  it  much  to  be  doubted,  but  the 
Inftitutive  did  fignify  the  fame  with  (»)  Mathemom 
ticaU  by  which  previous  Pifcipline  that  Prince  of 
Philofophers  prepared  the  Way  to  both  the  follow* 
ing  Parts  of  Philofophy,  viz.  Civil  and  Natural^ 
And  that  threefold  Gradation  of  the  Dodtrinc  of 
Pythagorasy  which  Gellius  fpeak$  of,  feems  to  bcr 
long  to  the  fame  -,  according  to  which,  his  FoU 
lowers  were  called  firft  {o)  Hearers^  next  Learners^ 
and  laftly  Philofophers  y  i.  e.  firft  they  ftudied  to 
hold  their  Tongues  and  exercife  their  Ears,  as  ig-e 
no  rant  of  all  things  ;  then  to  learn  fomething,  or 
endeavour  after  lome  Science-,  laftly  to  be  wife, 
if  e,  to  acquire  the  Knowledge  of  the  moft  excellent 
things.  To  this  alfo  Plato  refers  when  he  calls  the 
M^tbmatic^  ft  if)  frevms  Education^  or  as  it 

fm)  Xit^hpr^^^  ncXtniuf^  ftnraif.  (n)  Mtf^jUMtrixW. 

{9)  ^A%wM9),  f«r«^«ri»W,  ^ww.  lib.  I .  C.  9,  (fj  U^ 
W$iih{tu.  7.  dc  Rep, 

I  were 
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were  a  Prelude  to  Philofophy.     And  in  die  firft 
Book  of  Produs  dicy  are  named  {a)  TTbe  fFay  to 
Education:    Likewife  Xenocrates  elegantly    Itilcs 
them  (r)  The  Handles  of  Pbilojbpby ;   and  others 
the  (jj  Steps  and  Afcents  by  which  Men  mount 
up  to  the  Knowledge  of  fublime  Thingis,     Laftly, 
neon  Smyrmeus^  die  ancient  £}n>o(itor  of  Plattfs 
Mathematics^  accordmg  to  the  Notion  of  his  Pre- 
deceflfors,  very  well  reprefents  the  whole  Method 
of  fearching  out  Wifdom  by  the  lacred  Know- 
ledge of  the  Myfteries  anciendy  in  uie  ;  the  De- 
grees or  Parts  of  which  were  five    in  all,  viz. 
(n  Purgaiion^    Mtiation^    InfpeSion^    a    perfelt 
Knowlec^e  in.  the  MyfterieSy  and  the  Digmty  of 
Blifs  :  Where  PWofopby  {viz.  rational,  civil,  and 
natural)  may  be  fidy  compared  to  the  Initiation^ 
Theology  to  the  Infpeftion,  and  Mathematics  to  the 

Sreparatory  Purgation ;  by  which   laft  the   unin- 
rufted  were  driven  far  from  the  Myfteries,    as 
profane  and  unqualified. 

I  (iippofe  then  enough  has  been  faid  to  convince 
Ds  how  iuftly  thcfc  Sciences  are  called  by  the  Name 
of  Mathematics^  (i.  e,  Difciplines)  becaufe  they 
alone  were  at  firft  learned  by  Difciples  or  Scholars, 
and  not  CMily  Things  but  Names  alfo  do  of  right 
belong  to  them  who  are  firft  in  Pofleffion.  The 
Name  which  they  firft  obtained  fi-om  the  Verity 
of  the  Thing,  they  afterwards  defervedly  retained 
(ufc  confirming  the  Pofleffion) ;  and  may  they 
retain  it  not  in  vain,  but  be  ftudioufly  learned  by 
young  Perfons  with  that  Induftry  which  is  requifitc. 

(q)  'H  nmrk  wmhurif  %f4^  pag.  6.  (r)  A«/3««  i^  ^A». 

rf^MK.  (s)  KA'fAMiMf  fg  ixtfitt^^,    T«  «f«  ivTH  i  yM* 

*»•  «;t«^«  Plat.  7.  dcRcp.  (t)  K#>«f^f,  riAffli^ 

B  4  But 
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But  while  I  am  confidcring  the  Name  Mathema- 
tics^ it  may  perchance  be  worth  the  while  to  take 
Notice  of  that  moft  (hamefij  Abufe  of  it,  which 
prevailed  among  the  Roman  Writers  of  a  worfer 
Age,  who  commonly  applied  it  to  the  bafeft  and 
moft  worthlels  kind  of  Men,  to  the  Aftrologers^ 
(or  radier  (u)  Cafters  of  Nativities)  Fortune-tellers^ 
Cunning-Menj  Soothfayers^  and  other  fuch  like 
paltry  Knaves  of  that  peftilent  Rabble.  Whence 
"Tacitus  fpeaks  of  the  Mathematicians  as  a  Brood  of 
Fellows  treacherous  to  thofe  above  them^  falfe  to  thoje 
who  put  their  Truft  in  them  ;  which  (fays  he)  in 
cur  City  will  be  always  prohibited^  and  yet  always 
retained.  And  it  is  recorded  that  the  Senate  paflol 
a  Decree  for  banifhing  the  (w)  Mathematicians  and 
Conjurers  out  of  Italy.  What  an  unequal  Pairing 
is  here !  much  like  the  coupling  of  Birds  with  Ser- 
pents, or  Lambs  with  Tygers.  And  Seneca  lays 
of  the  genuine  Mathematicians^  or  SoothfayerSy 
(x)  that  they  fometimes  fpeak  Truth.  But  many 
hundred  fuch  like  Inftances  are  to  be  found  in 
Suetoniusj  Tacitusy  and  other  degenerating  Hifto- 
rians  of  that  Time.  Whence  Gellius  fays,  {y)  The 
Vulgar  call  thofe  Mathematicians  who  are  properly 
Soothfayers.  Whigh  vile  Abufe  of  a  Word  fignify- 
ing  the  moft  noble  and  honourable  kind  of  Lite- 
rature, ftiews  the  grofs  Ignorance  of  thofe  Times, 
which  were  degenerating  into  the  utmoft  Barbarity 
of  Language :  f  orafmuch  as  a  Confufion  of  Names 
does  fometimes  argue  an  Unfkilfulnefs  of  Things. 
But  in  a  better  Age,  when  Learning  Bourilhed 
more  among  the  Romans^  the  Mathematicians  were 

(u)  'At^fMtnirt.  (w)  Annal.  i .  fx)  Patere 

Mathematicos  aliquando  Vcnun  dicere,  qui  ilium  ex  quo  Prin- 
ceps  fadus  eft  omnibus  Annis,  omnibus  Mcnfibus  effenmt.  Se^ 
neca  in  tit^cKt^wMr^mt  daudiana,  (jj  Cell,  Lib,  \. 

tap.  9, 

^  s  in 
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in  greater  Efteem,  and  Cicero  carefully  diftinguifhes 
diem  from  diat  Rafcality  of  Jugglers  diac  arrogated 
to  themfelvesthe  Foreknowledge  of  future  Events. 
{%)  Do  ye  imagine^  fays  he,  thai  they,  who  arefaH 
to  divine  J  can  refolve  whether  the  Sun  he  greater 
than  the  Earthy  orfo  great  as  it  feems  \  and  whe^ 
therthe  Moon  has  an  inherent  Lights  or  borrows  it 
from  the  Sun  ?  &c.  Thefe  things^  as  he  goes  on, 
belof^  to  Mathematicians  and  not  to  Sootbfayers  :  A 
Judgment  indeed  wordiy  of  Cicero^  Dignum  fa- 
fiente  bon6que.  But  more  than  enough  nas  been 
ipoken  concerning  the  Name. 

Left  dietefore  I  fhould  feem  to  aft  the  Rut  of  a 
Pbilologer  radier  than  a  Mathematician^  to  come 
to  the  Purpofe,  kt  us  in  the  next  Place  confider 
the  OljeH  of  Mathematics  :  From  the  various 
Kinds,  or  different  Confidcration  of  which,  the 
Sdence  itfelf  is  divided  into  various  Parts.  In 
handling  of  which,  we  will  firft,  according  to  the 
Examples  of  others,  deliver  what  is  for  the  moft 
part  agreeable  to  the  common  Opinions ;  then  make 
a  more  curious  Enquiry  concerning  the  Thing  it 
fclf,  and  explain  what  fort  of  Objedt  the  Mathe- 
matics refpects,  how  far  it  extends  itfelf,  how  it 
is  limited  or  diftributed  into  Parts,  and  what  is 
our  oym  Opinion.  Alio,  laying  afide  all  Autho- 
rity, we  will  now  and  then  produce  certain  (a)  Pa- 
radoxesj  i.  e.  Things  contrary  to  Opinion,  but  not 
perhaps  {b)  contrary  to  Reafon.  For  I  defign  not 
to  follow  all  Things  in  the  beaten  Road,  neither  to 
undertake  any  thing  rafhly  *,  but  will  freely  diicuis 
whatlbever  offers  itfelf  worth  the  Enquiry,  and 
not  fear  flrenuoufly  to  avouch  every  thing  that 
feems  agreeable  to  Truth  ;  yet  fubmitting  all  I  fay 
to  be  examined  and  decided  by  the  Judgment  of 
your  Candour  and  Sagacity. 

(%)  Cic.  d€  Dhin.        (a)  Xk^ii^n,  (h)  UnfikiVm. 

There. 
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But  while  I  am  confidering  the  Name  Mathema- 
iicsj  it  may  perchance  be  worth  the  while  to  take 
Notice  of  that  moft  fhameful  Abufe  of  it,  which 
prevailed  among  the  Roman  Writers  of  a  worfer 
Age,  who  commonly  applied  it  to  the  bafcft  and 
moft  worthlels  kind  of  Men,  to  the  AJlrologerSj 
(or  rather  (u)  Cafters  of  Nativities)  Fortune-tellers^ 
Cunning-Men^  Sooth/ayerSy  and  other  fuch  like 
paltry  Knaves  of  that  peftilent  Rabble.  Whence 
Tacitus  fpeaks  of  the  Mathematicians  as  a  Brood  of 
Fellows  treacherous  to  thofe  above  them^  falfe  to  thofe 
who  put  their  Trujl  in  them  ;  which  (fays  he)  in 
cur  City  will  be  always  prohibited y  and  yet  always 
retained.  And  it  is  recorded  that  the  Senate  paffed 
a  Decree  for  banifhing  the  (w)  Mathematicians  and 
Conjurers  out  of  Italy.  What  an  unequal  Pairing 
is  here !  much  like  the  coupling  of  Birds  with  Ser- 
pents, or  Lambs  with  Tygers,  And  Seneca  fays 
of  the  genuine  Mathematicians ^  or  SoothfayerSy 
(x)  that  they  fometimes  fpeak  Truth.  But  many 
hundred  fuch  like  Inftances  are  to  be  found  in 
SuetoniuSy  TacituSy  and  other  degenerating  Hifto- 
rians  of  that  Time.  Whence  Gellius  lays,  (y)  The 
Vulgar  call  thofe  Mathematicians  who  are  properly 
Soothfayers.  Which  vile  Abufe  of  a  Word  fignify- 
ing  the  moft  noble  and  honourable  kind  of  Lite- 
rature, fhews  the  grofs  Ignorance  of  thofe  Times, 
which  were  degenerating  into  the  utmoft  Barbarity 
of  Language :  forafmuch  as  a  Confufion  of  Names 
does  fometimes  argue  an  Unlkilfiilnefs  of  Things. 
But  in  a  better  Age,  when  Learning  flourifhed 
more  among  the  Romans^  the  Mathematicians  were 

fu)  ^Afp6fj(,«tn<rh  (tu)  Annal.  i .  (x)  Patcre 

Mathematicos  aliquando  Vermn  dkere,  qui  ilium  ex  quo  Prin- 
cep  fadus  eft  omnibus  Annis,  omnibiis  Mcnfibus  effcnint.  Sg- 
peca  in  &wctto?ifivn^$  Oaudiana,  (yj  Cell,  Lib.  i. 
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dmate,  when  he  aflerts  Ibme  JiiJapUnes  (expitfly 
GffAi^mg  Arithmetic  and  Geometry)  to  be  Pure^ 
Prime,  and  (b)  Principal  5  and  odiers  Impure^ 
Secondary,  andf  lefs  exaft.  The  Parts  of  Pure  or 
AbftraSt  Mathematics  do  ablblutely  relpeft  the  g^ 
neral  Nature  and  proper  AfieAions  of  Magmtude 
and  Number  ;  but  tne  A£xed  or  Concrete  Pans 
conlider  the  fame  as  applied  to  certain  Bodies  and 
nartknilar  Subjeds,  conjunfUy  with  the  Force  of 
Motion  and  odier  phyiical  Acddents.  Whence 
diefe  latter  are  by  Jriftotle  called  (i)  Pbyftcal  and 
Senfibk  \  and  by  others  (k)  Pt^co-MathematicaL 

Pure  Mathematics  then  is  only  twofold,  viz. 
Geometry^  wluch  fearches  the  Nature,  diftin^flies 
die  Species,  and  mveftigates  the  Properdes  of 
4hftra£i  Magmtuie ;  and  Arithmetic,  which  con«- 
fiders  Multitude  or  Number  with  its  Species  and 
Afiedions  after  the  fame  manner :  But  Mixed  Miu 
themadcs  is  manifold  according  to  the  various 
Species  or  different  ^ality  of  the  Matter,  which  is 
the  Subjed  of  Magnitude  or  Multitude ;  nor  confe- 
quendy  is  it  the  fame  Way  divided,  either  by  the 
andent  or  modern  Fhilofophers,  as  we  will  fhew 
by  and  by«  In  the  mean  ame  we  will  give  a  few 
Examples,  for  lUufhatlon's  fake,  concerning  the 
difierent  Method  of  confidering  the  Things  we  have 
fpoke  of.  For  example,  a  Right  Line,  which  is  a 
Species  of  Magnitude,  may  be  conceived  either  ab- 
folutely  and  moft  univerfally,  according  to  its  De- 
finition, as  the  moft  fimple  Dimenfion,  defigning 
die  fhorteft  Interval  between  any  two  Points  5  under 
which  Cbnfideradon  it  has  certain  general  Properties 
other  prefuppofed  or  demonftrated  by  the  Geome- 
trician :  or  it  may  be  confidered  as  being  drawn 
from  die  Center  of  the  Sun  to  tKe  Center  of  tlie 

(t)  'By%fmif!k^.        (i)  fnruHr«<»  Anfcnlt.  Phyf.  Lib.  f . 
fsp.  «.  (i)  *Ai^frMWK|  Anal.  FoiLLihi  i.  cap.  13. 

Eardi 
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lEarth  it  fignifies  the  Diftance  of  thofe  Bodies :  or  as 
reprefenring  a  Ray  of  Light  it  ftrikes  upon  fomc 
Body,  rebounds  fix)m  it,    pafles  through  fuch  a 
Medium,  and  is  turned  or  bent  this  Way  and  that 
Way  :  or  as  being  fixed  at  one  Extreme  it  carries 
about  or  ftiftains  a  Weight  made  feft  to  the  other, 
and  ferves  to  determine  the  Momentum  according 
to  its  Diftance  from  the  immoveable  Center :  or  as 
reprefenting  a  mufical  Scale  or  Rule  it  exhibits  on 
its  Divifions  the  various  Proportions  of  Sounds, 
According  to  each  of  which  different  Ways,  the 
Geometrician^  AJlronomer^  Optician^  Mechanic  and 
Mufician  confider  a  Right  Line  refpedively.     In 
like  manner  a  Sphere  may  be  confidered,  as  a  Fi- 
gure produced  by  the  Rotation  of  fuch  a  Planey 
bounded  by  fuch  a  Superficies  ;  divifible  in   fuch  a 
wife,  endued  with   a  certain  Proportion  to  other 
Homogeneous  Magnitudes  y    by  which  means   the 
Geometrician  examines  its  Nature  and  Affeftions : 
or  as  placed  at  fuch  a  Diftance,   and  illuminated 
uniformly  or  ununiformly  through  fuch  a  Medium 
with  fuch  a  Light  it  exhibits  fuch  a  Form  of  itfelf 
to  the  Beholder  -,  which  is  the  Ufe  made  of  it  by 
the  Optician^  and  much  the  fame  by  die  AJlrono- 
mer :  or  as  immerfed  in  any  Matter  it  obtains  a 
Power  of  defcending  towards  the  Center  of  the 
Earth,  called  Weight  or  Gravity,  and  according 
to  the  various  Difpofition  and  Situation  of  its  Parts, 
its  Connexion  with  other  Matter,differentSuftentation 
or  Sufpenfion  it  either  entirely  rcfts,  or  is  inclined 
to  certain  Parts,  or  moved  to  fuch  a  Limit  -,  in 
which  rcfpeft  it  is  confidered  by   the  Mechanic. 
Laftly,  the  Arithmetician  handles    Numbers  one 
Way,  to  difcover  their  general  Aflfeftions  •,   and 
the  Mufician  another,  that  he  may  accommodate 
them  to  exprefs  the  Proportions  of  Sounds.     And 
tliefe  Examples  may  fuffice. 

But 
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(1)  But  the  mental  AbftraUion  we  fpake  of  is  not 
the  only  Property  of  Mathematics^  but  is  common 
to  all  Sciences.     For  every  Science  conflders  the 
Nature  of  ix^  own  Subjeft  abftrafted  from  all  others ; 
forms  its  own  general  Precepts  and  Theorems  ; 
and  fcparates  its  own  Properties  from.the  Properties 
of  others,  examining  the  former,   and  difmifling 
the  latter,    (m)  ¥qt  example,  Phyftcs  confiders  the 
conftitutive  Principles,  Matter,  Form,  6?r.  of  Bo- 
dy in  general  ;  then  the  AfFeAions  common  to  all 
Bodies,  viz.  Quantity,  Place,  Motion,  Reft,  and 
the  like-,   from  whence  it  defcends  to  the  next 
tower  Species,  inveftigating  their  particular  Natures 
and  Properties  *,  but  meddles  not  with  particular 
Bodies  or  Individuals,  as  well  becaufe  they  are  in- 
numerable and  diftinguilhed  from  one  another  by 
innumerable  Differences,  as  becaufe  being  treated 
fort  by  fort  they  may  be  adapted    accordingly. 
The  lame  way  Geometry  proposes  Magnitude  for 
the  Subjeft  of  its  Enquiry,  not  the  peculiar  Mag- 
nitude of  this  or  that  Body,  but  Magnitude  taken 
univerfally  •,   together  with  its  general  AfFeftions, 
"jiz.  Divifibilty,    Congruence,    Proportionality,   a 
Capacity  of  different  Situation  and  Pofition,  Mobi- 
lity, 6fr.  declaring  thefe  to  be  inherent  to  it,  and 
after  what  manner  they  are  fo  :  Next  it  defines  the 
various  Species  oi  Magnitude ^  {viz,  a  Line^  Super- 
ficies^ and  a  Body  or  Solid)  and  particularly  draws 
forth  and  demonftrates  their  diftinft  Properties ; 
continually  dividing  thefe  Species  into  others  more 
contract,  and  fearching  and  proving  their  Affec- 
tions by  univerfal  Propofitions,  Rules  and  Theo- 
rems lawfiilly  demonflrated,  till  it  has  wholly  ex- 
haufted  its  Subjcd,  and   defcended   to  the  very 
loweft  Species.     And  thefe  Theorems  howfoever 
more  or  leis  general  as  to  dieir  Matter,  may  be 

(I)  Arift.  Mctaph.  XI.  i .  (m)  Arift.  M«iaj>h.  XI.  3. 

truly 
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truly  and  properly  accommodated  to  Subjeds  par- 
ticular to  tiieiiuelves.  True  Matbematicd  yibjlrac" 
tion  then,  is  fiich  as  agrees  with  all  other  Sciences 
and  DilciplineS)  nodiine  elfe  being  meant  (what- 
ibever  ibniie  do  ftranKely  fey  of  it)  than  an  Ab- 
firadtion  from  particular  Subjedb,  or  a  diftin£t  Con- 
fideration  of  certain  things  more  univerial,  others 
lelsuniverfel  being  omitted  and  as  it  were  negle£ted. 
But  enough  of  this. 

Our  neict  Bufinefs  fhould  be  to  handle  the  Divi« 
fion  of  MatbenuUics  in  a  more  diitinft  manner ; 
but,  if  I  am  not  miftaken,  the  Tinie  admonilhes 
us  to  referve  diat  for  the  following  Ledure. 

^b  ^D  CD  fw  C&  CD  CB  ^D  ^D  r  ^O  ^D  ^D  ^D  Js?  CD  C&  CD  3f  CD  C&  C&  cSc  C*? 

LECTURE   IL 

Of  the  particular  Vivijim  of  the  MathematiaJ 
Sciences. 

TH  E  Difquifirion  we  bejgun  in  our  firil  Lec- 
ture, concerning  the  Divifion  of  the  Mathe* 
fnatictU  Sciences^  we  will  now  alfey  to  purfiie  more 
diftinfUy,  as  was  then  propofed,  delivering  in  the 
firft  place  the  Method  of  the  Antients,  and  after- 
wards our  own  Method,  (n)  The  Pythagoreans 
who,  as  Ariftotle  feys,  were  tne  firft  among  the 
Gr^^it/,  that  meddled  with  Mathematics^  divided  them 
into  four  PartSy  of  which,  two  were  Pure  and  Pri-' 
mary^  namely  Arithmetic  and  Geometry  \  and  the 
other  two  Mixed  and  Secondary^  as  Mufic  and 
Spheres^  i.  e.  Aflronomy.  And  the  Reafon  which 
they  gave  for  this  Divifion,  according  to  {o)  Proclus 
and  Boethiusy   was,  becaufe  fince  the  Species  of 

(n)  I.  Met  5,  (o)  Prod. 

the 
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(I)  But  the  mental  AbJira5tion  we  fpake  of  is  not 
the  only  Property  of  Mathematics^  but  is  common 
to  all  Sciences.  For  every  Science  confiders  the 
Nature  of  ix^  own  Subjeft  abftradled  fix)m  all  others  5 
forms  its  own  general  Precepts  and  Theorems  ; 
and  fcparates  its  own  Properties  fix)m.the  Properties 
of  others,  examining  the  former,  and  difmifling 
the  latter,  (m)  For  example,  Phyftcs  confiders  the 
conftitutivc  Principles,  Matter,  Form,  6?r.  of  Bo- 
dy in  general  ;  then  the  AffeAions  common  to  all 
Bodies,  viz.  Quantity,  Place,  Motion,  Reft,  and 
the  like-,  from  whence  it  defcends  to  the  next 
lower  Species,  inveftigating  their  particular  Natures 
and  Properties  -,  but  meddles  not  with  particular 
Bodies  or  Individuals,  as  well  becaufe  they  are  in- 
numerable and  diftinguiflied  from  one  another  by 
innumerable  Differences,  as  becaufe  being  treated 
fort  by  fort  they  may  be  adapted  accordingly. 
The  fame  way  Geometry  propofes  Magnitude  for 
the  Subjeft  of  its  Enquiry,  not  the  peculiar  Mag- 
nitude of  this  or  that  Body,  but  Magnitude  taken 
univerfally ;  together  with  its  general  Affeftions, 
"jiz.  Div&ibilty,  Congruence,  Proportionality,  a 
Capacity  of  different  Situation  and  Pofition,  Mobi- 
lity, 6fr.  declaring  thefe  to  be  inherent  to  it,  and 
after  what  manner  they  are  fo  :  Next  it  defines  the 
various  Species  of  Magnitude^  {viz.  a  Line^  Super- 
ficies^  and  a  Body  or  Solid)  and  particularly  draws 
forth  and  demonftrates  their  diflinft  Properties ; 
continually  dividing  thefe  Species  into  others  more 
contraft,  and  fearching  and  proving  their  Affec- 
tions by  univerfal  Propofitions,  Rules  and  Theo- 
rems lawfiilly  demonfbated,  till  it  has  wholly  ex- 
haufled  its  Subjc6t,  and  defcended  to  the  very 
loweit  Species.  And  thefe  Theorems  howfoever 
more  or  kfs  general  as  to  dieir  Matter,  may  be 

(/J  ArfllMctaph.  XI.  I.  (mj  Arift.  M^taph.  XI.  3. 

truly 
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Plato^  efpecially  being  recommended  by  £o  great 
a  Man,  began  to  grow  apace,  and  in  a  fhort  time 
made  an  inunenie  Progreis.  But  thefe  adventitious 
Parts  are  fbmetifn^  reck(Hied  by  Arijiotle  among 
the  Mathematical  Sciences,  and  fometimes  dif- 
joined  from  them,  becaufe  they  obtained  a  (s)  mid^ 
die  Placcy  being  equally  Sharers  of  Phyftcs  as  well 
as  Mathematics.  For  inftance,  when  he  fays  Op 
tics  fhews  the  reafon  of  the  Rainbow  either  abto- 
lutely,  or  as  it  requires  the  Help  of  (t)  Geometry  ; 
here  he  plainly  fcparates  Optics  from  Geometry  ; 
and  ajpin  he  eliewhere  diftmguifhes  the  (u)  (end- 
ble  Sciences,  fuch  as  Optics^  from  the  Matbema* 
tical  ones. 

But  afterwards,  according  to  the  Teftimony  of 
Proclus^  when  the  Mathematics  was  farther  extend- 
ed, and  enlarged  by  the  more  diligent  Study  of 
iiicceeding  Times,  being  as  it  were  compleated  by 
its  own  Numbers,  GeminuSy  a  famous  Geometri- 
cian, who  flourilhed  about  the  Age  of  Pompeius 
M.  (and  others  of  the  fame  D^ree  of  Learning) 
difbibuted  it  after  this  manner.  They  fuppofed 
fome  Parts  of  the  Mathematics  to  be  cort  verfant  about 
(w)  Things  only  perceptible  to  the  Underitanding  •, 
and  others  about  (x)  Things  fenfible :  to  the  former 
belonged  the  principal  and  leading  Sciences  of 
Arithmetic  and  Geometry  \  and  to  the  latter  the  fix 
following  Parts,  viz,  Geodefy^  Logijlicsy  Optics^  Ca^ 
nonicsy  Mechanics^  and  AJirology.  Under  thefe 
Terms  they  included  the  whole  of  Mathematics ^  as  a 
Body  compofed  of  fo  many  Members,  which  they 
again  fubdivided  into  other  leffer  Joints  or  Articles. 
Geometry  they  diftributed  into  Planometry  and  Ste- 
reometry ^  (and  perhaps  it  would  not  have  been  amils 
to  have  added  Grammometry  or  the  Menfuration  of 
Lines  j  Arithmetic  into  the  Theories  oi  Linear y  Plane 

(s)  I.  Anal.  Poft.  cap.  13.     (t)  T#  /iM^/bM.      (u)^K»r* 

and 
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the  general  Objeft  are  two,  to  wit.  Multitude  and 
Magnitude  J  each  of  which  may  be  two  Ways  con- 
fidered ;  viz.  Multitude  either  (imply  as  fm)fifting 
in  itfelf,  or  refpeftively  with  reference  to  the  Sounds 
whole  Proportions  it  expreffes  ;  and  Magnitude,  as 
it  is  fixed  m  a  (/>)  Place,  or  is  carried  about  with 
Motion  ;  hence  arife  diefe  four  Parts  of  Matbema^ 
tics.  Thus  did  the  Pythagoreans  of  old  divide  the 
Mathematics^  I  fuppofe,  becaufe  they  had  not  yet 
applied  themfelves  to  the  other  Parts,  fuch  as  0/>- 
Acsy  Mechanics^  Csff .  which  the  curious  Diligence 
of  after  Ages,  and  Time,  the  Inventor  of  all 
Things,  brought  forth  and  devifed. 

And  that  of  f  j^  Plato  differs  not  much  from  this 
moft  ancient  Divifion,  who  diftributes  the  Mathe-- 
tnatics  into  five  PartSj  Arithmetic^  Geometry^  Ste- 
reometryj  Muftc^  and  Aftronomy^  to  which  Tbeon 
Smynueus  reduces  all  Things  in  Plato  relating  to 
the  Mathematical  Sciences.  The  Divifion,  I  fay, 
of  Plato  differs  from  Pythagoras^s  no  more  than 
this,  becaufe,  according  to  him.  Geometry  being 
taken  more  ftriftly,  only  fignifies  the  Dodrine  of 
(r)  Planometry  or  the  Menfuration  of  Planes  ; 
whereas  in  the  other  it  extends  to  the  whole  Science 
of  Menfuration^  and  confequently  alfo  comprehends 
under  it  Stereometry  or  the  Menfuration  of  Solids. 
But  why  Plato^  a  Man  of  fo  univerfal  an  Education, 
Ihould  confine  the  Mathematics  within  fuch  narrow 
Limits,  and  add  no  other  Difciplines  to  them,  I 
think  proceeds  from  hence  -,  becaufe,  in  his  time, 
others  were  either  not  yet  invented,  or  not  fufficient- 
ly  cultivated,  or  at  leaft  were  not  yet  received  into 
tne  Number  of  the  Mathematical  Sciences. 

Nor  is  it  a  wonder  to  find  their  Number  encreafed 
by  AriJlotUj  by  the  addition  of  OpticSy  Mechanics j 
and  Geodefy  •,  forafmuch  as  thefe  Studies,  a  litde  after 

(p)  Boetlf.  UttQ.  Aritbmtica.     f f/  7-  dc  Rep.      (r)  'E^ 
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fions  of  a  Canon  or  mufical  Scale,  with  a  regard  al- 

fo  to  the  Afliftance  of  the  Ears.     Mechanics,  or' 

the  Art  of  difcovering  the  weight  and  motive  Power 

of  any  mafly  Body,  they  divided  into  three  Kinds; 

viz.  OrganopoeticSy  which  fliews  the  Stru£ture  and 

Ufe  of  Inftruments,  efpecially  military  :  Tbaumafto- 

foi'licsy  which  performs  things  to  be  wondered  at  by 

the  Impulfe  of  Winds,  the  Power  of  Weights,  and 

Tenfion  of  Nerves  or  Strings  imitating  the  Motions 

of  Life  (to  which  confequently  are  referred  Pneu- 

matics  or  the  Art  of  making  Wind-Engines,  Hor- 

rbopics  or  the  Art  of  Balancing,  Centrobarycs  or  the 

Art  of  the  Center  of  Gravity,  Automatapoetics  or  the 

Art  of  making  Self-movers) :  And  (y)SpheropoeticSy 

which  contrives  material  Spheres  in  luch  fort  as  ta 

exhibit  all  the  heavenly  Motions  upon  them.  Laftly^ 

jiftrology^  which  confiders  the  Order  of  the  mundane 

Syftem,  and  the  Motions,  Figures,  Magnitudes, Di- 

ftances  and  Influences  of  the  celeftial  Bodies  -,  this 

they  diftributed  into  Gno?/iics^  wiiich  mcafures  Time 

by  the  Shadow  of  a  Gnomon  or  Stile  ;  Meteorofcopicsj 

which  refolves  the  different  Elevations  of  the  Stars, 

their  Diftances  from  one  another,  ^c.  And  Dioptrics^ 

which  examines  the  Stars  apparent  Magnitudes  and 

Intervals  by  the  help  of  Diopters^  i.  c,  certain  Inflru- 

ments  which   convey  and  direft  the  vifual  Rays. 

But  Tacfics^  i.  e.  the  Art  of  rightly  difpofing  an 

Army  of  Men,  they  purpofely  banifhed  out  of  the 

Number  of  Mathematical  Difciplines,   though  il 

Computed  their  Legions  and  formed  their  Camps  bj 

the  help  of  Logiftics  and  Geodcfy  ;  juft  as  the  Hi- 

fcorian  (according  to  their  way  of  arguing)  is  nottc 

be  accounted  a  Mathematician,  becaufe  he  relate* 

the  Climates  of  Countries  and  Circumferences  oj 

Cities.     Such  was  the  Divifion  of  Mathematics  in- 

ftituted  by  Geminus  and  his  Cotcmporarics,  fome- 

%hat  more  copious  indeed  than  tliat  of  Pythagoras 

9inc 
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and  Plato^  as  comprehending  the  principal  Sciences 
which  vulgarly  go  bv  die  Name  of  Maibematics% 
but  in  my  Opinion  far  from  being  fufficiendy  juft 
and  accurate.  For  firft  of  all,  it  is  a  very  weak 
and  (lippery  Foundadon  to  depend  upon,  that  the 
Mathematics  are  converlant  atx>ut  Thbgs  intelligible 
and  Things  fen/iUey  becaufe  in  reality  every  one  of 
its  ObjciSts  are  at  the  fame  time  both  intelligible  and 
feifible  in  a  different  refpeft ;  intelligibk  as  the 
Mind  apprehends  and  contemplates  their  univerfal 
(z)  Ideas,  and  lenfible  as  they  agree  with  fevcral 
partiailar  Subjefts  occurring  to  the  Senfc :  For  who 
does  not  view  with  the  Eye  and  feel  with  the  Hand 
all  the  pardcular  Dimenfions  of  Bodies  ?  But  there  is 
no  reaion  why  the  Do£trine  of  Generals  fhould  be 
leparated  from  the  Confideration  of  Particulars,  fince 
the  former  entirely  includes  and  primarily  refpefts 
die  latter,  (a)  Why  ex.  gr.  fhould  one  Science  treat 
of  an  intelligiole  Sphere,  and  another  of  a  fenlible 
one  ?  when  thefe,  as  to  the  Verity  of  the  Thing,  are 
altogether  the  fame,  and  as  to  the  A<Sion  of  the  Mind 
fubordinate  •,  nor  can  any  thing  be  attributed  to  the 
intelligible  Sphere  (i.  e.  one  underftood  univerfally) 
Which  does  not  perfeftly  agree  with  the  fenfible  (i.  e. 
with  every  particular  one)  :  Whence  it  is  altogether 
amifs  to  disjoin  Geodefy  from  Geometry^  and  Logi^ 
ftics  from  Arithmetic,  But  permitting  the  Founda- 
tion to  ftand,  at  leafl  this  Divifion  cannot  be  accu- 
rate, but  wUl  be  found  altogether  lame  and  im- 
pcrfeft ;  for  the  Multitude  of  fenfible  Things,  to 
which  Number  and  Magnitude  may  be  applied, 
is  too  difFufive  to  be  circumfcribed  within  thefe 
limits,  and  confequently,  if  this  Suppofition 
be  admitted,  the  Field  of  Matliematics  will  become 
far  too  wide  and  extenfive ;  as  will  appear  more 
clearly  anon.     And  fo  much  for  the  Divifion  of 

(x)  Arift.  Mft.   Lib.  a.  c.  3.  (a)  AnaL  Poft, 

lib.  I.  c.  24. 
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Geminus^  which  yet  mdft  Mathematicians  of  a  later 
Date  do  embrace  •,  faving  that  fome  banifh  hence 
Geodefy  and  Logiftics  -,  as  Blancus  in  his  Book 
concerning  the  Nature  of  the  Mathematical  Sciences ; 
Peter  Herigon  before  his  Curfus  \  and  Guildinus  in 
che  Prolegomena  to  his  Centrobarycs  treating  of  the 
Di  vifion  of  the  Mathematics.  Thefe  conftitute  two 
pure  and  primary  Parts,  namely,  Geometry  and 
Aridimetic,  and  four  mixed  and  fubaltem,  viz. 
Optics,  Mechanics,  Mufic  and  Aftronomy,  which 
they  again  fubdivide  various  Ways  into  Parts  more 
contrafted.  There  occur  alfo  other  Divifions  of 
thefc  Difciplines  invented  by  the  Moderns,  fome 
more  compleat  and  accurate,  others  lefs  •,  whole 
Number  it  would  indeed  be  difficult  to  enter  upon, 
and  not  very  profitable  •,  becaufe  moft  an  end  the 
manifold  Divifion  and  Subdivifion  of  things  into 
their  minuteft  Parts  rather  tends  to  breed  Confufion, 
than  to  remove  it  {b) :  efpecially  fince  many  or  all 
of  thefe  are  liable  to  the  fiime  Exceptions  with  the 
forementioned  Divifion  of  Geininus.  Wherefore 
pafling  them  by,  we  will  confult  the  thing  itfelf, 
and  impart  what  is  our  own  Judgment. 

And  this  is  my  Opinion,  firft,  that  there  is  re- 
ally no  Quantity  in  Nature  dilTerent  from  what  is 
called  Magnitude  or  continued  ^mntity^  and  confe- 
quently  that  this  alone  ought  to  be  accounted  the  Ob- 
jeft  of  Mathematics  •,  whofe  moft  general  Properties 
it  enquires  into  and  demonftrates  in  the  firft  Place, 
next  its  lefs  general  ones,  and  laftly,  the  Affeftions 
agreeing  to  each.  This  being  fuppoled  for  the  pre- 
fent,  (which  will  hereafter  be  fufBciently  proved)  as 
to  what  belongs  to  the  Sciences  termed  Mixed  Ma- 
thematicsy  I  fuppofe  they  ought  all  to  be  taken  as 
Parts  of  Natural  Science^  being  the  famq  in  Num- 
ber with  the  Branches  of  Pbyftcs^  except  thofe  that 
mrg  merely  (c)  Effe£live^  as  many  perhaps  are  ; 

(b)  Pfoclus,  pag.  21-  (c)  nM^riMf. 

fuch 
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fuch  as  Paintings  Sculpture^  Statuary^  Archite£lure\ 
to  which  may  be  adjoined  all  their  kindred  Arts 
taken  fh)ni  Phyfics.  For  thefe  mixed  Sciences  arc 
ftiled  Mathematical  for  no  other  Reafon,  but  be- 
caufc  the  Confideration  of  Quantity  intervenes  with 
them,  and  becaufe  they  require  Conclufions  to  be 
demonftrated  in  Geometry,  applying  them  to  their 
own  particular  Matter.  And,  accordmg  to  the 
£unc  Reafon,  there  is  no  Branch  of  natural  Science 
diat  may  not  arrogate  the  Title  to  itfclf  -,  fince 
Acre  is  really  none,  from  which  the  Confideration 
cff  Quantity  is  wtolly  excluded,  and  confequently 
to  which  fome  Li^t  kx  Afliftance  may  not  be  . 
fetched  from  Geometry.  For  Magnitude  is  the 
common  AfFetflion  of  all  phyfical  Things,  it  is 
interwoven  in  the  Nature  of  Bodies,  blended  with 
all  corporeal  Accidents,  and  well  nigh  bears  the 
principal  Pan  in  the  Produftion  of  every  natural 
Effeft.  AH  Bodies  obtain  their  own  Figures,  and 
execute  their  own  local  Motions  ;  by  which  means, 
if  not  all,  yet  the  moft  and  chiefeft  EfTcfts  (what- 
foever  admits  of  a  philofophical  Explication)  are 
perform^ed,  for  the  determining  and  comparing  of 
which  the  Theorems  of  Geometry  do  often  conduce. 
But  if  we  make  our  Calculation  thus,  and  name 
every  kind  of  Learning  Mathematical,  which  either 
requires,  or  any  way  ufes  the  Help  of  Geometry, 
io  far  Medicine  itfclf  will  be  a  Part  of  Mathema- 
tics •,  becaufe,  as  {i)  Ariftotle  notes,  the  Phyficiaa 
takes  the  Caufe  fronri  Geometry,  why  orbicular 
Wounds,  as  being  more  capacious  than  others,  are 
more  difficult  to  heal :  and  becaufe  Hippocnites^  for 
the  fame  Reafon,  advifed  his  Son  to  ftudy  Geome- 
try, that  he  might  more  perfeftly  undcrlland  the 
Simations,  Luxations,  Contritions  and  Exemptions 
joT  the  Bon^s.     Alfo  by  a  like  Reafon  Politics  may 

(d)  ijjuil.  Poa.  ,c.  13. 
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be  afcribed  to  the  Mathematics,  becaufe  it  requires 
the  afliftancc  of  Geometry,  as  well  for  Ornament 
in  Peace,  as  Safeguard  in  War  •,  for  the  elegant 
building  of  Houfes,  the  ftrong  Fortifications  of 
Cities,  and  the  commodious  Conveyance  of  Wa-. 
ters ;  alfo  for  the  right  Difcharge  of  every  military 
Office,  the  pitchii^  of  Camps,  difpofing  an  Army, 
inventing  of  Engines,  and  applying  them  to  uie. 
Whence  {e)  Plato  ;  There  is  indeed^  fays  he,  a  vafi 
Difference  between  a  Man^s  being  expert  and  inex- 
pert in  Geometry  for  the  fetting  out  of  Catnps^  the 
pofffjfing  of  advantageous  Places^  the  ranging  a  Bat- 
talia  in  clofe  Order  or  extending  it  farther^  and  the 
reprefenting  all  other  Figures  of  that  Kind  by  which 
an  Army  ought  to  be  difpofed  in  Battles  or  Marches. 
Whence,  at  leaft  Tallies  and  Poliorcetics  (/.  e.  the 
Art  of  befieging  Towns)  with  every  kind  of 
Architedture,  ought  to  be  numbered  among  the 
Mathematical  Sciences.  But  to  return  to  Phyfics,  I 
fay  there  is  tio  Part  of  this  which  does  not  imply 
Quantity,  or  to  which  geometrical  Theorems  may 
not  be  applied,  and  confequently  which  is  not  fome 
Way  dependant  on  Geometry  ;  I  will  not  except 
even  Zoology  itfelf,  (/.  e.  the  Science  of  living  Bo- 
dies) which  of  all  others  feems  to  be  moft  foreign. 
For  does  not  the  certain  Figure,  apt  Proportion, 
^nd  due  Pofition  of  the  Members  come  into  Confi- 
deradon  in  examining  the  Srrudhire  of  a  living 
Body  ?  Cannot  the  Walking,  Flying  and  Swimming 
of  Animals,  the  Method  of  moving  forward,  fu^ 
taining  and  poifing  their  Bodies,  be  examined  and 
proved  according  to  the  Laws  of  Geometry  ?  And 
many  fuch  tilings  will  offer  themfclves  to  him  who 
examines  any  other  Part  of  Nature.  I  confeis  there 
are  fome  Parts  of  Phyfics  where  Quantity  occurs 
inorc  frequently  than  in  others,   and  confequently 

(e)  7.  4c  Rep* 

where 
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where  the  Knowledge  of  Geometry  is  more  need* 
fid  ;  fuch  as  thofe  ex.  gr.  which  treat  upon  the 
heavenly  Bodies,  becaufe  by  realbn  of  their  too 
great  Diftance  from  us,  we  can  fcarce  know  any 
ming  at  all  of  them,  befides  their  apparent  Figures, 
dieir  Mj^itudes,  their  Intervals,  their  Progrelfts, 
and  the  Periods  of  their  Motions :  whence  it  comes 
10' pals  that  the  whole  Science  almoft  of  the  celeftial 
Luminaries  feems  to  be  Mathematical,  becaufe  all 
die  Knowledge  we  can  attain  of  them  refpedls  or 
depends  upon  Quantity.  Hence  have  we  AJironotny 
with  its  rarts-,  viz,  SyftematicSy  which  enquires 
into  the  Difpdition  of  the  principal  mundane  Bo- 
dies, with  tneir  Situation  in  refpefl:  of  one  another : 
fSpbaricSf  which  teaches  the  apparent  diurnal  Mo- 
non  common  to  all  heavenly  Bcxlies,  with  its  Con- 
jundls  and  Accidents :  And  Theories,  which  con- 
templates the  Motions  of  the  Planets  and  the  Af- 
fections proceeding  from  thence.  To  which  may 
be  adjoined  the  Sciences  drawn  from  or  dependent 
on  thefe  ;  viz.  Chronology,  (or  at  leaft  that  Part  of 
it  ftiled  Technieal)  which  juflly  divides  the  Intervals 
of  Time  from  the  periodical  Courfes  of  the  Sun 
and  Moon  •,  and  Gnomies,  which  diftinguifhes  the 
Particles  of  their  diurnal  Motion,  difcovcring  in  like 
manner  their  Altitudes  and  Declinations  from  the 
Shadows  of  opaque  Bodies  :  Alfo  hither  arc  referred 
Cometology,  and  the  Doctrine  which  treats  of  new 
Stars,  fometimes  appearing  out  of  the  common 
Courfe.  Moreover  becaufe  die  fpherical  Figure  of 
the  Earth  is  difcovercd  to  be  the  fole  Caule  why 
the  Light  of  the  heavenly  Bodies,  as  to  Continuance 
of  Time,  Species,  or  Situation,  is  different  to  tlic 
Inhabitants  of  diflfcrcnt  Places,  therefore  Geogrii/.hy 
Is  alfo  reckoned  to  the  Mathematics ;  becaulb  in  it 
the  Geometrical  Conclufions  concerning  the  Sphere 
are  entirely  nccefiary  to  be  well  confidcred  :ind  un- 
derftood.     And  for  the  iame  Realbn  Nauties  (or  tl  e 

C  4  Art ' 


ZA  Mathematical  Ledhres.    Lect.  II; 

Art  of  Navigation)  is  annexed,  which  direfts  a 
Chip's  Courfe  by  Angles  made  widi  the  Meridian, 
and  determines  its  Place  in  the  vaft  Ocean  with  the 
Time  of  the  Day,  from  celeftial  Appearances. 
Again,  becaufe  the  Aninul  Vifion  is  conceived  to  be 
performed  by  Rays  proceeding  like  Right  Lines 
from  any  aflignable  Point  of  the  (enlightning  or  en^ 
lightned)  Objeft  towards  its  correfpondent  jPoint  in 
the  Eye,  and  confequently  what  Geometry  demon- 
f(:rates  concerning  Right  Lines  (and  the  Figures  they 
conftitute)  may  be  adapted  to  thefe  Rays ;  hence 
Optics  is  referred  to  the  Mathematics  :  whofe  Parts 
are,  Catopiricsy  which  qonfiders  the-  Appearances 
coming  from  I^ays  reflefted  by  an  opaque  Body  ; 
and  Dioptrics^  which  draws  the  Confequences  of 
Radiation  infrafted  by  a  different  Medium  :  To 
which  are  annexed  the  effedive  Arts  refpedting  Vi- 
fion i  viz.  Perfpecfive^  which  teaches  the  Method 
qf  reprefenting  juftly  and  neatly  the  Species  or  Fi- 
gures of  vifible  Objefts  upon  any  Table,  efpecially 
Planes  ;  Graphics  or  Paintings  which  adds  Colour 
and  Shade  to  Perfpedive ;  Engravingy  Carvings 
Statuary^  and  the  like.  And  if  the  Figure  of  the 
Air's  Undulation  could  be  the  Hime  way  difco- 
vered,  by  which  Sound  is  performed,  and  the  Senfe 
of  Hearing  impelled,  there  would  doubtlefs  arife 
thence  a  new  Part  of  Madiematics  to  be  celebrated 
by  the  Name  o^AcouJlics^  or  the  Science  of  Sounds. 
Alfo  HapticSy  Genjlics^  and  Qfphrantics  (or  the 
Sciences  of  Touches,  Taftes  and  Smells)  would  by 
a  fimilar  Reafon  merit  to  be  chofcn  into  this  Order  : 
and,  if  thefe  Scnfations  be  performed  by  fuch  Mo- 
tions, Philofophers  might  i'mell  by  guefs.  However^ 
as  to  what  pertains  to  the  Senfe  of  Hearing,  becaufe 
from  the  certain  Divifion  of  a  fonorous  String,  or 
from  the  Length  of  two  Strings  diftcring  according 
to  a  certain  Proportion,  both  ftretched  alike,  if 
both  be  llruck  with  a  C^iU?  there  is  found  a  deter- 
minate 
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minace  Habitude  of  the  Sounds  produced,  which 
wonderfully  anfwers  to  the  Proportion  of  the  Strings 
iccordingto  the  D^rees  of  Sharpnefs  and  Flatnels» 
and  confequendy  is  explicable  by  Numbers  (or  at 
leait  by  Right  Lines),  hence  arifes  that  Part  of 
Mathemadcs  termed  Mujicy  Harmonics,  or  Canonics^ 
which  (as  fome  love  to  fpeak)  is  fubaltern  to  Arith- 
mcric  ;  but  perhaps  it  would  be  more  rightly  fub- 
ordinate  to  Geometry.  Moreover,  fince  the  Power 
of  defending  diredly  towards  the  Earth,  called 
Weight,  which  is  inherent  to  moft  Bodies  endowed 
with  fenfible  Magnitude,  from  whatibever  efficient 
Caufe  it  proceeds,  may  in  fa£t  be  limited  and  obr 
tam  Its  D^rees  from  thefe  things  confpiring  tog^ 
ther,  viz.  pardy  its  own  Bulk,  pwrdy  the  Situa* 
tion  of  its  Parts,  and  partly  the  Diftance  from  the 
immoveable  Center  of  its  Motion  about  which  it 
is  turned  ;  and  by  like  Reafon  fince  the  Power  of 
refilling  thefe  ponderousBodies,  of  fufliaining,  elevat- 
ing, or  any  how  removing  them  from  their  Place  is 
determined  and  depends  on  the  fame  Caufcs  -,  hence 
the  Difciplines  concerning  the  Refl:  or  Motion  of 
thefe  Weights  whether  confidered  abfolutely  or  com- 
paratively (i.  e.  as  they  mutually  refpeft  one  ano- 
ther) are  afcribed  to  the  Mathematics ;  becaufe  they 
require  the  help  of  Geometry  to  determine  their 
Magnitudes,  Pofitions  and  Diftances:  of  which 
kind  are  Statics  (f .  e.  the  Science  of  Weights)  Me- 
chanics^ Centroharycs^  Horrhopcs^  and  the  like. 
And  to  thefe  may  be  referred  Autofnaicpodics^  or 
the  Art  of  making  Machines  moveable,  not  by  an 
extrinfecal  Impulfe,  but  from  an  internal  Gravity, 
qx  elaftic  Virtue  within  themfelves.  Yea,  beciiuic 
no  local  Motion  as  to  its  Duration,  Impctu^.,  In- 
tention, Direftion,  and  all  kinds  of  DilFcrenccs 
can  be  otherwife  eftimated  in  itfclf,  or  compLired 
with  another  Motion,  but  from  the  Spaces  (/.  t^.  the 
Bight  or  Circular  Lines)  it  paffes  through,  there- 
fore 


2&  %fafbematical  LeSureu    Lect.  II, 

fore  moft  Parts  of  Phyfics,  and  all  their  kindred 
Arts  univerlally  wherein  local  Motion  principally 
obtains^  are  to  be  accounted  Mathemaucal,  to  far 
as  they  make  ufc  of  the  Dimenfion  of  Lines  or 
Spaces  appropriated  to  Geometry :  From  whence 
accrues  a  plentiful  Crop  of  Sciences  to  the  Mathe- 
matics.    For  hence  is  the  Do6trine  concerning  the 
Motion  of  Bodies  defcending  naturally    in  what 
proportion  they  are  accelerated :    concerning  the 
Motion  of  Projeftiles  which  is  compounded  of  a 
natural  and  acquired  Motion,  what  Curve  Line  they 
defcribe :  concerning  the  throwing  of  Darts  and  tho 
Impulfe  of  miffivc  Weapons  difcharged  from  En- 
gines of  War,  what  Force  they  have,  and  how  the 
Machines  ferving  them  are  to  be  difpofed  ib  as  to 
hit  the  Mark  aimed  at  with  the  greateft  Force  and 
Certainty  :  alfo  concerning  the  Conveyance  of  Wa- 
ters upwards   by  the  Force  of  Air  or  Wind,  by 
Compreflion,  Rarefa(5lion,  Attraftion,  Evacuation, 
or  whatfoever  other  Caufe.     Thefe  particular  Sci- 
ences, I  fay,  treating  of  fuch  Things,  and  the  like, 
do  very  much  encreafe  the  Parts  of  Mathematics : 
Of  vvhich  kind  were  Belopoetics^  i.  e.  the  Art  of 
making  Battering-Rams ;  BaliJlicSy  or  the  Art  of 
making  and  uGng  Engines  of  War  wherewithal  to 
caft  Darts  or  Stones  -,  Pneumatics^  the  Ait  of  mak- 
ing Machines  which  go  by  the  Force  of  the  Air  or 
Wind  ;    Hydraulic Sy  i.  e.  the  Art  of  making  En- 
gines to  carry  or  raife  Water,    with   all  forts  of 
Water-works,  ^c.     Hence  I  conceive  it   appears 
fufficicntly  plain  (as  I  purpofcd  to  fliew)  that  Ma- 
tbematics^  as  it  is  vulgarly  taken  and  called,  is  ade- 
quate and  co-extended  with  Pbyftcs.   Alio  I  have  at 
the  ihme  time  fhewn  (as  by  the  by,  yet  defigned- 
ly)  how  far  every  particular  Science  afpires  at  the 
Dignity    and  Title  of  Mathematics    by   its   own 
Merit,  and  by  what  means  the   Compafs  of  this 
Science  has  come  to  that  vaft  Extent  it  now  is;  fo 

that 
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minate  Habitude  of  the  Sounds  produced,  which 
wonderfully  anfwcrs  to  the  Proportion  of  the  Strings 
according  to  the  Degrees  of  Sharpnefs  and  Flatnefs, 
and  confequently  is  explicable  by  Numbers  (or  at 
leaft  by  Right  Lines),  hence  arifes  that  Part  of 
Mathematics  termed  Mufic^  Harmonics,  or  Canonics^ 
which  (as  fome  love  to  fpeak)  is  fubaltern  to  Arith- 
meric  •,  but  perhaps  it  would  be  more  rightly  fiib- 
ordinate  to  Geometry.  Moreover,  fince  the  Power 
of  defcending  diredlly  towards  the  Earth,  called 
Weight,  which  is  inherent  to  moft  Bodies  endowed 
with  fenfible  Magnitude,  from  whatfoever  efficient 
Caufe  it  proceeds,  may  in  faft  be  limited  and  ob- 
tun  its  Degrees  from  thefe  things  confpiring  toge- 
ther, vix.  pardy  its  own  Bulk,  partly  the  Situa- 
tion of  its  Parts,  and  partly  the  Diftance  from  the 
immoveable  Center  oi  its  Motion  about  which  it 
is  turned  ;  and  by  like  Reafbn  fince  the  Power  of 
refifling  thefe  ponderous  Bodies,  of  fuflaining,  elevat- 
ing, or  any  how  removing  them  from  their  Place  is 
determined  and  depends  on  the  fame  Caufes  •,  hence 
the  Difciplines  concerning  the  Reft  or  Motion  of 
thefe  Weights  whether  confidered  abfolutely  or  com- 
paratively (i.  €.  as  they  mutually  refpcft  one  ano- 
ther) are  afcribed  to  the  Mathematics  •,  becaufe  they 
require  the  help  of  Geometry  to  determine  their 
Magnitudes,  Pofitions  and  Diftances:  of  which 
kind  are  Statics  (f.  e,  the  Science  of  XVeights)  Me- 
cbamcSy  Centroharycs^  Horrbopcs,  and  the  like. 
And  to  thefe  may  be  referred  Automatcpoctics^  or 
the  Art  of  making  Machines  moveable,  not  by  i\\\ 
extrinfecal  Impulle,  but  from  an  internal  Gravity, 
Qr  elaftic  Virtue  within  themfelves.  Yea,  bcc:iuic 
no  local  Motion  as  to  its  Duration,  Impetus*,  In- 
tention, Diredion,  and  all  kinds  of  Diilcrcnccs 
can  be  otherwife  eftimated  in  itfelf,  or  compr.red 
with  another  Modon,  but  from  the  Spaces  (f.  e,  tiie 
Bight  or  Circular  Lines)  it  paflTes  through,  there- 
fore 
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all  the  Parts  (at  Icaft  the  principal  Parts)  of  Ma- 
thematics, I  am  wholly  filcnt  about  that  which  i^ 
called  Algebra  or  the  Analytic  Art.  I  anfwer,  this 
was  not  done  unadvifedly.  Becaufe  indeed  Analy- 
ftSj  underftood  as  intimating  fomething  diftindk 
from  the  Rules  and  Propditions  of  Geometry  and 
Aritbmetkj  feems  to  belong  no  more  to  Mathema- 
tics than  to  Phyftcsj  Ethics^  or  any  other  Science. 
For  this  is  only  a  Part  or  Species  of  Logic,  or  a 
certain  Manner  of  ufmg  Reafon  in  the  Solution 
of  Queftions,  and  the  Invention  or  Probation  of 
Condufions,  which  is  often  made  ufe  of  in  all  other 
Sciences.  Wherefore  it  is  not  a  Part  or  Species  of, 
but  rather  an  Inftrument  fubfervient  to  the  Mathe- 
matics :  No  more  is  Syntbefts,  which  is  the  manner 
of  demonftrating  Theorems  in  Contradiftinftion  to 
Analyfis.  But  of  ^efe  we  will  treat  more  clearly 
hereafter,  when  we  come  puipofely  to  difcourfe  of 
the  Mathematical  Ways  of  Invention  and  Demon- 
Jiration. 

It  was  nearly  for  the  fame  Caufe,  that  I  defign- 
cdly  paffed  by  Logijtics ;  for  neither  do  I  reckon 
this  among  the  Parts  of  Mathematics,  becaufe  it 
has  no  Objeft  diftinft  and  proper  to  itfelf,  but  only 
delivers  a  kind  of  Artifice  for  defigning  Magni- 
tudes and  Numbers  by  certain  Notes  or  Symbols, 
and  colledling  and  comparing  their  Sums  and  Dif- 
ferences, founded  in  Geometry  or  Arithmetic  : 
From  whence  it  conftitutes  no  Part  of  Mathematics 
diftinft  from  Geometry  or  Arithmetic,  but  is  entirely 
contained  in  them.  But  I  perceive  a  more  weighty- 
Complaint  will  be  brought  againft  me,  becaufe 
jirithmctic  itfelf,  hitherto  accounted  almoil  the  chief 
of  all  Sciences,  feems  as  it  were  baniflied  by  me  out 
of  the  Confines  of  Mathematics  ;  atleaft  is  wholly 
omittec].  The  Faft  I  cannot  deny,  but  the  Reafon 
why  I  did  it,  having  not  now  Opportunity,  I  wil) 
IhcW  in  the  next  Lefture. 

LECTURE 
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LECTURE    m. 

I 

Of  the  Identity  of  Arithmetic  and  Geometry; 

WHEN  I  treated  in  the  forcing  Le6hire 
concerning  the  Divifion  of  the  Mathemati- 
cal Sciences,  I  affirmed  the  Whole  of  Mathematics 
to  be  in  fome  fort  contained  and  circumfcribed  with- 
in die  Boiuids  of  Geometry.  And  indeed  concem- 
ing  the  odier  Sciences  then  mentioned,  I  imagine  no 
Body  will  much  deny,  but  they  are  conveniendy 
cnoi^h  reduced  to  Geometry.  But  now  I  have 
brought  a  harder  Talk  upon  myfelf,  to  fhew  allow- 
abJe  and  fit  Caufes  for  expunging  Arithmetic  out  of 
the  Lift  of  Mathematical  Sciences,  and  as  it  were 
degrading  the  moft  noble  Science  from  the  Degree 
which  it  has  been  fo  long  pofleffed  of.  Albeit  I  am 
confcious  to  myfelf  that  I  have  committed  no  fuch 
Fault.  Be  it  far  from  me  to  take  away  or  feclude  a 
Science  fo  excellent  and  profitable  as  that  of  Num- 
bers from  the  Mathematics.  I  will  rather  reftore  it 
into  its  lawfiil  Place,  as  being  removed  out  of  its 
proper  Seat,  and  ingrafFand  unite  it  again  into  its 
native  Geometry,  the  Stock  from  whence  it  has  been 
plucked.  Nay,  my  Confcience  would  not  permft 
me  to  oppofe  fo  illuftrious  and  venerable  an  Autho- 
rity, and  obtrude  fuch  a  monftrous  Paradox  upon 
you,  if  I  did  not  put  great  Confidence  in  tht  Caufe 
I  have  undertaken,  and  thought  it  very'  much  to 
the  Purpofe  of  Mathematics,  that  Arithmetic  be  ac- 
counted not  only  like  and  of  kin  to  Geometry  in 
Nature  (or,  according  to  the  Saying  of  {/)  Archytas 
of  Tarentuntj  that  antient  Pythagorean  Philofopher, 

(f)  Nicomachiun  i .  Arith. 
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its  Sifter)  but  more  nearly  conjoined,  yea  altogether 
the  fcme,  and  wholly  indiftinft  from  it.  For  I  am 
convinced  that  Number  really  differs  nothing  from 
what  is  called  Continued  Quantity,  but  is  only 
formed  to  eXprefs  and  declare  it ;  and  confequently 
that  Arithmetic  and  Geometry  are  not  converfant 
about  different  Matters,  but  do  both  equally  demon- 
ftrate  Properties  common  to  one  and  the  fame  Sub- 
je6t ;  and  very  many,  and  very  great  Improve- 
ments will  appear  to  be  derived  from  hence  upon 
the  Republic  of  Mathematics. 

i.  For  fiirft  of  all  it  appears  that  thefe  is  neither 
any  general  Axiom  nor  panicular  Conclufion  agree- 
ing with  Geometry  (which  refpcfts  Magnitudes  not 
taken  abfolutely,  but  in  Comparifon  with  one  ano- 
ther according  to  certain  Proportions  of  Equality  or 
Inequality,  /.  e.  as  they  are  capable  of  being  de- 
figned  and  compared  together  by  Meafures)  but 
what  by  the  fame  Reafon  alfo  agrees  with  Arithme- 
tic :  And  on  the  other  hand  that  nothing  can  be  af- 
firmed, concluded,  or  demonftrated,  concerning 
Numbers  which  may  not  in  like  manner  be  accom- 
modated to  Magnitudes  •,  whence  accrues  a  remark- 
able Light  and  vaft  Improvement  to  both  Sciences  ; 
the  Caufe  being  removed  of  fuperfluoufly  repeating 
and  demonftrating  Theorems  by  Nature  altogether 
the  fame,  alfo  of  often  folving  the  fame  Problems. 
For  the  Confirmation  of  which,  innumerable  Ex- 
amples as  well  as  Ailments  may  be  produced, 
and  the  whole  Doftrine  of  Proportions  is  a  moft 
remarkable  Inftance. 

II.  This  Coalition  of  Numbers  and  Magnitudes 
being  admitted,  a  plentiful  AccefTion  accrues  to  each 
Difcipline.  For  it  will  be  a  very  eafy  thing  to 
difcover  and  demonftrate  very  many  Theorems  con- 
cerning Numbers  by  the  AfTiflance  of  Geometry, 
which,  by  keeping  within  the  common  Limits  of 
Arithmetic  wouki  fcarcely,  if  at  all,  be  capable 

either 
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either  of  Inveftigation  or  Demooftradon:  Alio  very 
many  Things  may  be  more  briefly  and  clearly 
found  out  and  demonlbated  from  hence.     And  re- 
ciprocally, the  Ratio's  or  Reafons  of  Numbers  be- 
ing well  underftood  will  communicate  not  a  litde 
to  the  more  evident  Explication  and  ftixxig  Confir- 
mation of  many  Geometrical  Theorems.    We  will 
illuftrate  the  Matter  with  an  Example  or  two.     It 
is  an  Arithmetical  Theorem,  that  the  Sum  of  an  in- 
finite  (or  indefinite)  Series  of  Numbers  increafing 
from  Nothing  to  a  certain  Term^  which  is  tbegreateft 
according  to  the  Ratio  cf  the  fquare  Roots  of  Num^ 
hers  continually  exceeding  one  another  by  Unity ,  (i.  e. 
flj  o,  I,  ^2,  ^3,  6?r.  ad  infinitum^  is  fubfefqui- 
alter  the  Sum  of  as  many  equal  to  the  faid  greateft 
^erm  ;  Which  Theorem  I  am  of  Opinion  can  ne- 
ver be  exaAi y  demonftrated  by  any  Method  in  Arith- 
metic itfelf :  but  it  is  plainly  deduced  from  Geo- 
metry.    For  if  the  Diameter  of  any  Parabola  be 
conceived  to  be  divided  indefinitely  into  many  equal 
Parts,  then  the  Right  Lines  which  are  ordinately 
applied  to  the  Diameter,  through  the  Points  of  the 
Divifions,  will  proceed   in  the  fame  Ratio,  as  is 
fhewn  in  Geometry:  But  the  Parabola  which  is 
conftituted  of  thefe,  whether  Right  Lines  or  Paral- 
lelograms, is  there  alfo  demonftrated  to  be  Subfef- 
quialter  to  the  Parallelogram,  upon  the  fame  Bafe 
and   of  the  fame  Height,  or  which  is  the  fame 
thing,  to  the  Sum  compofed  of  as  many  Right  Lines 
or   Parallelograms  equal  to  the  greateft :    From 
whence,  tlie  Agreement  of  Arithmetic  with  Geo- 
metry being  fuppofed  which  we  defire  to  advance, 
it  plainly  follows,  that  a  Seite  of  Numbers  of  thia 
fort  is  Subfcfquialter  the  Sum  of  as  many  equal  to 
the  greateft. 

But  we  will  propofe  an  eaficr  Example,  not 
much  unlike  the  former,  ^e  Sum  of  a  Series  of 
Numbers   infinitely  dscreafxng  in    a  triple  Ratio 

(i.  c.  as 
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as  I,  f ,  f,  Ai  &c.)  ^i//  /i&^  //i/  (7/*  leaft  Term  he 
nothing  is  to  Unity  as  3  to  2  ;  or  the  fame  Sum  ex- 
cluding Unity  is  equal  to  ^  ;  This  Theorem  (which 
for  Eafmefs  and  Perfpicuity's  fake,  I  have  propbfed 
in  a  determinate,  lAz.  a  triple  Ratio)  although  it 
may  be  demonftrated  Universally  {g)^  yet  I  tliink, 
by  making  Ufe  of  a  continued  Quantity,  it  will  be 
fliewn  much  more  clearly  and  expeditioullyj  at  leaft 
more  handfoniely  and  elegandy  (F  i  o.  I.)  Ex. 
gr.  Suppofe  the  moveable  Point  A  to  be  carried 
through  the  Right  Line  A  Z,  With  an  uniform  Mo- 
tion :  Alfo  imagine  the  Point  E  to  be  moved  uni- 
formly through  the  fame,  but  with  a  Velocity  fub- 
triple  the  Velocity  wherewith  the*  Point  A  is  car- 
ried ;  then,  in  whatfoever  time  the  Point  A  rum 
through  the  Right  Line  A  E  in  the  fame  time  will 
the  Point  E  run  through  a  third  Part  of  A  E,  fup- 
pofe  E  F.  Alfo  in  whatfoever  time  the  former 
Point  runs  through  the  Right  Line  E  F,  in  the 
fame  time  will  the  latter  run  through  the  third  Part 
of  E  F,  fuppofe  F  G,  and  fo  on,  ad  infinitum^  till 
the  Point  A  overtake  E  in  ^.  Now  if  we  fuppofe 
the  Line  A  E  to  be  Unity,  then  will  E  F  be  j  ; 
F  G-J,  and  GH  Z^,  fcf^.  ad  infinitum^  according 
to  the  Hypothefis  ;  but  it  appears  that  the  Line  A  E 
run  through  by  A  is  triple  the  Line  E  IE  which  is 
run  through  by  E  in  the  fame  time,  becaufe  A  is 
fuppofed  to  move  with  three  times  the  Velocity  of 
E.  Therefore  E  ^  is  to  A  E  {i,  e,  the  decreafmg 
Series  including  Unity  is  to  Unity)  as  3  to  2.  (^ 
E.  D.  This  Theorem  univerfally  is  as  follows. 
The  Sum  of  any  Series  of  Numbers  continually  de^ 

(g)  Thusi 

z — 0 .  Z  —  ^  :  :  tfft .  C. 
Z  6=  z  «  —  flft  a, 
<»«=  Za-^  zf» 

•.^=Z. 

•*a-C       *  crtafing 
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trtafifig  jrtm  Unity  infinitely^  or  to  Notbingj  in  any 
Praporfum^  will  be  to  Unity ^  as  the  Antecedent^  or 
greater  Term  of  the  Proportion^  is  to  the  Excefs  of 
the  Antecedent  cbave  the  Confeqiient.  Ox  the  fame 
Sum^  excludirix  Unity j  will  be  to  Unity ^  as  the  Con- 
feptent^  or  lej/er  Term  of  the  Proportion^  is  to  the  Ex- 
ctfsof  the  Antecedent  above  the  Confeauent.  For  the 
foregoing  Premises  being  fuppolcd,  let  the  Ratio 
be  giYcn  between  R  and  S^  and  let  A  E  reprefent 
Unicf,  as  above ;  then  becaule  A  IE  (i.  ^.  A£ 
4-E^):  E^:  :  R:  S.  therefore  (by  dividing 
the  Proportion)  A  E :  E^ : :  R-S  :  S,  t.  e.  Unity  is 
to  the  Sum  of  the jpropofed  Series,  as  the  Excels  of 
the  Tcrnw  of  Ac  Proportion  is  to  the  lefler  Term  : 
And  again,  brcaaTe  A  E .  E  ^  :  :  R-S  :  S.  there- 
fore h  R.  A  E ; :  R  :  R-S,  by  Converfion,  1.  e. 
the  propofcd  Sum  including  Unity  is  to  Unity,  as 
the  greater  Term  of  the  Proportion  is  to  its  Excefs 
above  die  lefler.  So  eafily  are  Arithmetical  Con- 
clufions,  (othcrwife  fufficiendy  intricate  and  diifi- 
cult  to  be  inveftigated)  drawn  from  the  Confidera- 
tion  rf  Geometry.  Thus  doth  the  one  Science  re- 
quire the  help  or  the  other,  and  after  a  friendly  fort 
confpire  tc^ther. 

(h)  IIL  Moreover  another  Convenience  arilcs 
fixjin  this  Conjunftion,  becaufe  (contrary  to  what 
one  not  long  agoof  a  great  but  miftaken  Genius  ven- 
tured to  aflfert,  that  he  miglit  veil  his  Mifbikes  in 
Geometry,  and  decline  the  eafy  Confutation  of  his 
Errors)  no  Geometrical  Argument  is  of  Force,  which 
agrees  not  exaftly  with  an  Arithmetical  Calculus, 
and  confequendy  dl  felfe  Reafonings  committed  in 
Geometry  may  be  examined  and  refuted  moft  eafily, 

(b)  Quoniam  Arithmetlca  iDftruxnentuin  c(l  omnis  fuppcta* 
tionis,  &  nameri  funt  termini,  quibus  quxlibct  magnitudo  fig- 
nilicatury  non  dubium  eft,  quin  per  numeros  fieri  pofiit  omnis 
magnicudfnis  calculus.  Maurolycut  in  Prolcgom.  ad  Lib.  II. 
Anthmet. 

D  certainly. 
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certainly,  andjuftly,by  Arithmetical  Computation: 
Alfo  all  true  Conclufions,  and  lawful  Demonftra- 
tions  in  Geometry  may  be  confirmed  and  illuftrated 
by  Help  of  an  Arithmetical  Calculus :  Which  Con- 
fideration  being  prefuppofed  and  eftabliftied,  the 
Method  of  treating  Geometry  will  be  found  no 
where  to  differ  from  the  Calculations  of  Arith- 
metic. 

Thefe  Conveniences,  not  to  mention  more  at 
this  time,  will  flow  to  the  Mathematics  by  taking 
away  the  Difference  between  Geometry  and  Arith- 
metic, or  by  conltituting  and  aflerting  their  Iden- 
tity. But  that  they  are  the  fame,  the  very  Name  of 
Geometry  (which  fignifies  meafuring  the  Earth)  docs 
confirm,  at  leaf):  it  creates  a  fbx)ng  Sufpicion  :  And 
much  more  fo,  that  more  general  Name  Matrices 
(i.  e.  The  Science  of  Meafure)  which  Plato  prtftrs  be- 
fore the  Name  Geometry.  For  what,^  I  beleech  you, 
is  meant  by  Meafure^  but  the  Notification  orExpref- 
fion  of  Magnitude  by  Number  ?  Mtafure^  (i)  fays 
Arifiotky  is  that  whereby  ^antity  is  known ;  but  Sluan-- 
tity  is  known  as  ^antity^  either  by  Unity j  or  by  Num^ 
ber.  If  then  Geometry  include  Number  in  its  Name, 
why  ought  it  not  to  comprehend  it  in  the  Thing  ? 
Moreover,  becaufe  to  ^roa-^y  includes  a  peculiar  Re- 
fpeft  unto  Number  (by  which  one  Word  the  ge- 
neral Objeft  of  Mathematics  is  wont  to  be  defign- 
cd;  this  may  difcover  that  becaufe  the  Conceptions 
of  Magnitude  and  Number  could  fcarce  be  fepa- 
rated  in  the  Name,  they  can  therefore  hardly  be  fo 
in  the  Mind .  But  this  will  appear  plainer  by  weigh- 
ing and  examining  the  Namre  of  Number  a  litdc 
more  circumfpeftly.     Wherefore 

I.  I  remark  that  no  Number  of  itfelf  fignifies 
any  thing  diftinftly,  or  agrees  to  any  determinate 
SubjcftjOr  certainly  denominates  any  thing.For  every 

(h)  X.  Mctaph.  cap,  i. 

Number 
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Number  may  with  equal  Right  denominate  any 
Quantity  :  and  in  like  manner  any  Number  may 
be  attributed  to  every  Quantity.  For  inftance. 
Any  Line  A  may  be  indifierendy  called  One^  Two^ 
Tbretj  Faurj  or  any  other  Number,  (or  if  you 
pkale.  Simple^  Double^  Triple^  ^adruphy  or  how- 
foever  it  may  be  termed  A&//i^/^)  as  it  remains  un- 
divided, may  be  cut  into,  or  compounded  of,  two, 
three,  four,  or  any  other  Number  of  Parts.  In 
like  manner  any  Number  ex.  gr.  5.  may  be  attri- 
buted to  all  the  Quantities  A,  B,  C,  and  an  Infi- 
nity of  others,  as  they  are  conceived  to  confift  of 
5  Parts.  Whence  it  appears  that  no  Number  can 
defigp  any  thing  certain  and  abfolute,  but  may  be 
applied  to  any  Quantity  at  Pleafure. 

2.  I  obferve,  thatas  no  particular  Number  taken 
fcparately  and  abfolutely  can  fignify  any  thing 
certain,  fo  no  two  or  more  Numbers  compared  to- 
gether can  indicate  any  Habitude  or  Proportion 
determinate  of  itfelf.  For  example,  the  Number  3 
compared  with  the  Number  2  does  neither  of  itfelf 
denote  a  Sefquialter,  nor  any  other  Proportion.  For 
let  the  Line  A  be  of  3  PalmSy  from  whence  it  is  de- 
nominated Three^  and  fuppofe  the  Line  B  to  be  of 
2  Feet  J  from  whence  it  is  named  Two '9  ft  is  evi- 
dent that  the  former  Number  3  is  not  in  a  fefquial- 
ter  Proportion  to  the  latter  Number  2  (for  3  Palms 
is  not  to  2  Feety  as  3  to  2  J  much  lefs  is  any  other 
Proportion  here  exprefled  by  thefe  Numbers,  albeit 
otherwife  they  may  be  in  a  fefquialter  Proportion  ; 
it  being  apparent  that  this  Number  2  by  which  a 
Line  is  denominated  two  Palmsy  can  never  be  equal 
to  that  Number  2  whereby  a  Line  is  faid  to  be  two 
Feet. 

3.  I  note  that  Numbers  of  themfelves  can  neither 
be  added  to  nor  fubtrafted  from  one  another,  fo 
as  in  the  one  Cafe  to  compofe  a  Sum,  or  in  the 
other  to  leave  a  Difference  or  Excefs,    As  in  the 

D  z  preceding 
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preceding  Example,  the  Number  3  exprefling  tbr 
Palms  cannot  be  added  to  the  Number  2  repnefen 
ing  two  Feet  fo  as  to  make  a  Sum  of  5  Palms  or  Fee 
or  5  of  any  other  Meafure  notified  according  to  tl 
fignification  of  thefe  Numbers.  Nor  if  the  latt 
Number  2  be  fubdufted  from  the  former  Number 
will  there  arife  any  explicit  Difference,  or  knowjab 
Excels.  And  in  like  manner  if  3  Angles  be  adjoined 
4  Right  Lines,  the  Sum  will  be  Nothing  :  Or  if  tl 
NunSjer  3  of  Horfes  be  fubtradted  from  the  Nur 
ber  5  of  Angels  will  refult  any  Difference.  He 
then  (you  will  fey)  comes  the  Determination 
Numbers  to  certain  Ufes .?  Are  they  not  ufed 
denote  a  definite  Ratio  and  be  added  to  and  fii 
trafted  from  one  another  ?  I  anfwer,  that  the 
things  do  only  now  and  then  agree  with  Numbci 
according  to  the  Condition  of  the  things  to  whi 
they  are  attributed.  If  the  things  which  the  Nur 
bcrs  are  brought  to  denote  be  homogeneous,  of  t 
fame  Name,  and  when  compared  have  a  muti 
Proportion  to  one  another,  and  confequently  t 
one  can  be  increafed  by  the  Addition  or  diminifh 
by  the  Subtraftion  of  the  other  ;  then  they  imp: 
the  fame  Attributes,  Proportions,  and  Incremei 
©r  Decrcinents  to  the  Numbers  by  which  they  2 
denominated.  As  ex.  gr.  becaufe  a  Line  of  x\ 
Feet  obtains  a  like  Nature  and  Denomination  w; 
a  Line  of  tlu-ee  Feet,  therefore  the  Number  2  1 
which  the  one  is  fignified  denotes  a  certain  fefqi 
alter  Proportion  to  the  Number  3  by  which  t 
other  is  denominated  ;  the  fame  indeed  which  t 
Lines  themfelves  have  that  they  denominate:  a 
confequendy  the  former  Number  2  added  to  t 
other  Number  3  makes  the  Number  5  (/.  e.  fi 
Feet)  for  the  Sum,  and  that  fubtrafted  from  tl 
leaves  Unity  for  the  Excefs  or  Difference :  And 
almdl  the  fame  Method,  whatfoever  Attribu 
among  Arithmetician^  are  proved  to  agree  w 

Numbe 
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Numbers,  they  agree  not  with  Numbers  takcij 
abftmdHy  and  of  themfelves,  but  concretely  ac- 
cording to  the  Condition  of  the  Things  they  ai^ 
attributed  to.  But  a  certain  moft  learned  Man,  and 
famous  Mathematician  of  our  own  Nation,  aflert$ 
Geometry  to  be  fiibordinate  to  Arithmetic,  apply^ 
ing  the  Univerfal  Propofitions  of  Arithmetic  to  its 
felf ;  and  fo  making  Arithmetic  to  be  of  a  deeper 
and  more  ab(hu£b  Nature  than  Geometry:  for 
which  he  chiefly  gives  this  Reafon.  (\)  Since^  lays 
he,  a  line  of  two  Feet  added  to  a  Line  of  two  Feet 
makes  a  Line  of  four  Feet^  it  does  not  follow  that 
two  and  two  make  four^  but  rather  the  former  fcU 
lows  from  the  latter.  To  this  I  anfwer  by  afkinc; 
the  foUowing  Qucftion ;  Whence  comes  it  to  pals 
that  a  Line  of  two  Feet  added  to  a  Line  of  two 
PaJzns  cannot  make  a  Line  of  four  Feet,  four  Palms, 
or  fourof  any  Denomination,  if  it  be  abftraftcdly, 
i.  e.  univerfally  and  abfolurely  true  that  2-|-2  makes 
4  ?  You  will  fay,  that  thefe  Numbers  are  not  ap- 
plied to  the  fame  Matter  or  Meafure  -,  and  fo  lay 
I  too  -,  from  whence  I  infer  that  2-I-2  makes  4,  not 
from  the  abftraft  Reafon  of  the  Numbers,  but  from 
the  Condition  of  the  Matter  to  which  they  are  ap- 
plied, i.  e.  becaufe  any  Magnitude  called  by  the 
Name  of  Two  added  to  a  Magnitude  which  is  de- 
nominated by  Two  of  the  (lime  Kind  will  make  a 
Magnitude  whofe  Denomination  ftiall  be  Four  : 
Nor  indeed  can  any  thing  be  imagined  more  ab- 
furd  than  to  affirm  that  the  Proportions  of  Magni- 
tudes to  one  another  depend  upon  the  Habitude  of 
the  Numbers  whereby  they  may  be  exprefled. 

Though  otherwife  it  is  not  fo  much  owing  to 
any  Arithmetic  that  2-|-2  make  4,  when  thefe 
Numbers  are  applied  to  homogeneous  Meafures, 
as  to  the  commonly  received  Signification  of  the 

(i)  D.  H'a//h  Arith.  p.  69. 

D  3  Words 
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Words  thcmfelves,  whereby  4  either  in  Name  or 
Charaftcr  fignifies  the  fame  with  twice  2.  And 
indeed  the  whole  Artifice  of  Vulgar  Arithmetic  is 
the  fame  Way  deduced  or  demonftrated  -,  for  who 
can  prove  that  3-[-5  equals  8,  or  8—3  leaves  5 
otherwife  than  from  the  arbitrary  Signification  of 
thcfe  Words  ?  But         * 

4.  That  thefe  Things  may  appear  plainer  I  take 
Notice  that  the  Condition  of  the  Things  to  which 
Numbers  are  attributed  arc  very  different.  For 
Numbers  are  one  way  attributed  to  Things  fignify- 
ing  a  certain  Meafure  (i.  e.  fome  determinate  Mag- 
nitude to  which  other  Things  of  the  fame  Kind  may 
be  referred)  and  another  to  Thing?  agireeing  togc- 
dier  no  otherwife  than  by  a  certain  gencrical  Ratio. 
Ex.  gr.  When  I  fay  Three  Tardsy  here  the  feveral 
Units  whereof  the  72?r^^  is  compofed  are  mutually 
equal  and  fimilar  to  the  feveral  other  Units  confti- 
tuting  every  Number  whereby  any  Length  of 
Yards  is  denominated.  Whence  fuch  Numbers  do 
always  keep  the  fame  Proportion  to  one  another 
with  the  Magnitudes  they  clenominate,  and  confe- 
quently  do  appofitely  ferve  to  exprefs  thofe  Magni- 
tudes. But  when  I  fay  I'hree  Mountains^  "Three 
Angels^  Three  LineSj  or  Three  Numbers^  it  is  plain 
the  feveral  Units  whereof  the  Three  is  compofed 
have  no  neceflary  Equality  to  one  another,  but  on- 
ly a  certain  general  Agreement  or  Similitude  in  the 
common  Notion  of  a  Mountain^  an  Angela  a  Liney 
or  a  Number.  Ex.gr.  When  I  call  5,  7,  o,  three 
Numbers,  here  the  feveral  Numbers,  as  they  arc 
Three,  have  the  Ratio  or  Notion  of  Unity,  and  it 
is  evident  they  are  unequal,  but  yet  all  agree  in 
the  Notion  or  Number,  Alfo  if  any  other  Three 
of  Numbers  be  luppofed,  viz.  10,  15,  20,  the 
former  Three  will  not  be  equal  to  this  Three.  From 
which  Confideration  there  arifes  a  twofold  Kind  of 
Number :  The  former  may  be  called  Mathema- 
tical^ 
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tical^  becaufe  it  is  chiefly  in  ufc  among  Mathema- 
ticians to  exprefs,  and  compare  together  the  Di- 
menfions  of  Magnitudes,  and  becaufe  to  it  the 
Properties  of  Magnitudes  agree,  and  Mathematical 
Condufions  are  applied :  The  latter  Tranfcendental 
or  Mctapbyftcaly  becaufe  it  is  indifferently  attributed 
to  all  Things,  even  to  Thmgs  heterogeneous, 
inK^inary  and  privative  ;  (for  we  fay  2  Point s^  % 
Dimenfionsy  4  Cbimerasy  5  PredicahleSy  10  Blind' 
neffes)  and  becaufe  fome  Notion  of  this  Sort  of 
Numbers  may  be  found  not  only  previous  to  Geo- 
metry but  to  Arithmetic  itfelf :  As  when  we  de- 
fine a  Triangle  to  be  included  within  Three  Sides, 
alfo  a  Plane  Number  to  confift  of  two,  and  a  Solid 
of  throe  Numbers  multiplied  together.  Whence 
appears  a  Solution  of  the  Argument,  whereby  M- 
comacbus  endeavours  to  make  Arithmetic  by  Na- 
ture prior  to  Geometry  ;  becaufe  Geometry  is  wont 
to  ule  Numbers,  and  require  the  Definitions,  Com- 
parifons,  and  mutual  Proportions  of  Figures  to  be 
in  the  firft  Place  explained  -,  as  when  a  Triangle^ 
Square^  Pyramid^  Cube,  and  other  Figures  are  de- 
fined from  the  Number  of  their  Sides  or  Angles  ; 
and  when  the  Square  of  3,  Diameter  is  demonftrated 
to  be  double  the  Square  of  its  Side,  a  Cylinder  tri- 
ple the  Cone  of  the  fame  Height  (landing  upon  an 
equal  Bafe,  fcfr.  For  it  will  hence  be  eafy  to  an- 
fwer,  that  Geometry  as  well  as  Arithmetic  bor- 
rows tfiofe  tranfcendental  Numbers  it  ufes  in  framing 
its  Definitions  and  delivering  its  Argumentations 
cither  fix)m  Vulgar  Ufe^  which  has  the  Right  of 
afiixing  Names  to  Numbers  as  well  as  other  Things, 
or  elfc  from  Metapbyfics^  which  confiders  and  de- 
fines the  moft  general  Notions  of  Things :  Whence 
we  ice  that  very  many  Things  relating  to  Numbers 
are  treated  of  in  Metaphyfics.  Though  on  the 
other  Hand  it  muft  be  confefled  that  perfeft  Geo- 
metry compleated  in  all  its  Parts  ftands  in  need  of 

D  4  Arith- 
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Arithmetic,  yet  not  as  a  Scjoice  m  kielf  entirely 
different  and  foreign,  but  Cwhich  we  ihall  fee  anon) 
as  a  Part  of  it :  juft  as  Empidofnetfy  for  the  Docir 
trine  of  Planes  J  a  Part  of  Geonnetry  by  Natures 
prior  and  more  finiple,  is  to  be  previous  to  S$r^<h 
metryj  or  the  Doarine  of  Solids,  which  is  a  Pait 
more  complex. 

Nor  is  it  hence  lefi  eafy  to  tj^^kt  the  foneiaid 
learned  Man  arguing  thus,  (k)  T^bat  jfjfertwn  (£iv| 
he)  concerning  the  Quality  of  the  Numl?er  five  wUb 
the  Numbers  ^wo  and  fbree  taken  together^  is  a 
general  AJfertion^  which  is  applicable  to  all  0tietF 
Things  as  well  as  tbofe  of  Geometry  \  for  alfi  ttm 
Angels  and  three  Angels  are  five  Angels.  I  anfwtr 
briefly :  Firft,  as  before,  I  f^y  it  proceeds  not  fifom 
the  abftraft  Notion  of  the  Numbers  that  2  Angels 
4-3  Angels  make  5  Angels^  but  becaufe  the  Num^ 
bers  Two  and  Three  are  here  attributed  to  jBeings 
of  the  fame  Kind  and  Name  :  Moreover  thefe 
Numbers,  as  they  are  attributed  to  Angels^  are 
tranfcendentalj  intimating  no  Equality  of  the  Af^geli 
to  one  another  properly  fo  called,  but  only  a  Si^ 
militude  of  Nature  •,  and  therefore  they  belong  not 
to  a  Mathematical  Confideration.  But  Plato  per^ 
fcftly  underftood,  and  exprefsly  delivered  this  Dif 
ftinftion  of  Numbers  that  I  have  taken  Notk:e  of: 
Whofe  Words  are  worth  the  recital.  {I)  Ought  we 
not  ffays  he)  to  attribute  one  Kind  of  Arithmetic  t$ 
the  Vulgar^  and  another  to  Philofophers^  ftnce  their 
Difference  is  not  a  little  ?  For  the  Vulgar  do  number 
unequal  Units  of  thofe  Things  which  are  expreffed  by 
Numbers^  as  two.  CaJlleSj  two  Oxen^  two  of  any 
Things  as  well  the  leafiy  as  the  great  eft  of  all  Things^ 
But  Pbilofophers  never  reach  fo  far^  unlefs  a  Man 
fuppofe  one  particular  Umt  to  conftft  of  Parts  equal 
to  another  particular  Unit.    Thus  Plato  refers  Num* 

(i)  Pag  73.  AriOi,  (Ij  Pig.  399.  tk. 

bers 
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ofifting  <)f  unequal  Units  to  the  ^i/i^^r,  and 
to  PbilofopberSy  i.  c.  Matbematicians :  And 
rfaaps  he  had  from  the  more  antient  Pytba^ 
r^  a9  Arifi$tle  feems  to  intimate,  when  he 
a  Mdibemalical  N$ttnber*no  one  Unit  differs 
another.  But  to  come  (till  nearer  the  Mat* 
1  itach  the  principal  Point  of  the  Contro- 

\  obferve  and  aflert  that  a  Matbematicd 
r  (fuch  as  wc  have  been  juft  now  defcribing, 
ffictming  which  we  have  been  chiefly  fpeak* 
011^  what  we  fliall  hereafter  &y,  may  alfo  in 
K  applied  to  a  tranfcendental  Number  by  a 
nalogy,  as  fiu*  as  a  Si?nilitude  of  Nature  is  a 
if  Equality)  I  lay  that  a  Mathematical  Num^ 
%  no  Exiftence  proper  to  itfclf,  and  really 
k  from  the  Magnitude  it  denominates,  but  is 
.  kind  of  Note  or  Sign  of  Magnitude  confi- 
after  a  certain  Manner  ;  viz.  as  we  conceive 
T  as  altogether  incomplex,  or  as  compound- 
certain  homogeneous  equal  Parts,  every  one 
ich   is  taken    funply,    and  denominated  an 

or  laftly  as  intimating  the  Ratio  it  has  to 
Vlagnitudes,  in  like  manner  compofed  by  a 

Method.  For  in  order  to  expound  and  de- 
nir  Conception  of  a  Magnitude,  we  dcfign  it 
r  Name  or  Character  of  a  certain  Number, 

confequenriy  is  nothing  elfe  but  the  Note 
mbol  of  fiich  Magnitude  (6  taken.  This  is 
wral  Nawre,  Import,  and  Notion  of  a  Ma- 
gical Number :  But  more  particularly,  every 
icr  (which  they  call  Explicable  or  Rational) 
wn  and  diftinguifhed  from  another,  confe- 

tt>  the  Aftions  of  the  Mind  compofing  (or 
Bng  to  be  compofed)  different  Magnitudes 
lome  one  Magnimde  which  it  conceives  to  be 
poied,  by  the  fucceflive  Repetition  of  it. 
Addition  of  its  equal.    Which  Rcpetiuon  at 

firft 
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firft  performed  in  the  Mind»  and  then  expreflfec)  ii 
Words  is  called  Numeration. 

(m)  AriftaU  fpeaks  very  much  to  the  Pufpde 
^ere  w,  fays  he,  a  Neceffity  of  computing  Numbei 
by  Addition^  asirf  ^wo  by  the  Addition  tf  one  Urn 
to  another^  of  Hbree  by  the  Addition  of  One  to  7w 
and  of  Four y  after  the  fame  manner.  As  when  ] 
repeat  the  Magnitude  A  once  in  my  Mind,  or  con 
ceivc  another  equal  to  it,  that  Magnitude,  whicl 
is  conceived  to  be  fo  compounded,  I  defign  b] 
the  Name  or  Charader  oi^wo ;  but  if  I  ftill  repesu 
the  iame  Magnitude  A,  or  fuperadd  it  to  the  be- 
fore conceivol  Magnitude  ddigped  by  the  Nott 
Two,  then  the  Conception  of  another  compounc 
Magnitude  is  formed,  which  I  in  like  manner  fig- 
nify  by  the  Name  or  Chanifter  of  T^hree.  And  fo  foi 
the  reft.  But  we  will  illuftrate  by  an  Example  whai 
we  have  faid  above  concerning  the  general  Notior 
of  Number.  Suppofe  ex.  gr.  any  Line  A ;  it  i 
plain  that  no  Number  peculiarly  agrees  to  this,  or 
the  Part  of  the  Thing:  But  if  we  imagine  ii 
compofed  of  fome  Line  by  the  triple  Repetition  o: 
itfel^  as  is  already  explained  ;  or  which  comes  tc 
the  fame  Thing,  that  it  is  divifible  into  three  Part! 
(for  it  is  all  one  to  be  compofed  and  to  be  re- 
foluble  into  three  eoual  Things^  we  will  there- 
fore call  it  7}>ree  or  three  Thirds  of  A,  and  denote 
it  with  a  fuitable  Charafter.  But  if  we  conceive 
the  fame  A  to  be  an  Aggregate  of  (or  divifible 
into)  feven  equal  Lines,  of  which  fame  equal  Pare 
another  Line  B  makes  (or  is  refoluble  into)  Ten, 
hence  the  Line  A  will  be  called  Seven  or  feven  Tenth 
Parts  C^o^  of  the  Line  B.  And  if  the  fasne  Line 
A  be  fuppofed  no  way  compounded  or  divided, 
it  will  obtain  the  Name  and  Charafter  of  Uni- 
ty.   Again,  if  the  aforelaid  A  be  apprehended  a2 

•   (m)  Mct..i3.  cap.  9^ 

a  Mean 
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a  Mean  Proportional  between  any  Line  B  conTift- 
ing  of  (or  divided  into)  two  eqiml  Lines,  and  one 
of  thofe  Lines,  i.  #.  between  the  whole  of  B  and 
Its  half,  or  between  any  Right  Line  ^  its  Double ; 
then  the  Line  A  will  be  ddigned  by  the  Name  or 
Charader  of  the  Square  Root  C  ^)  of  the  Number ;, 
or  a  refpeaively  •,  as  the  Square  Root  of  J  B  (^  5  B; 
or  the  Root  ot  2  C(^  2  C.) 

6.  Whence  confequendy  it  follows  that  there  are 
dincc  Dificrcnces  or  Species  of  Numbers,  Cbefides 
Unity  which  is  as  it  were  the  Fountain  and  Ori- 
^xa\  of  Numbers^  i.  e,  Int^ers^  Fra£Iions^  and 
Radicals  or  Surds.  Of  which  Integers  are  the 
Names  or  Symbols  of  Magnitudes,  mewing  their 
Compofidon  from  certain  equal  Parts,  every  fmgle 
one  of  which  is  named  Unity,  as  if  the  Magni- 
tude A  confift  of  fix  equal  Parts  or  of  one  Part  fix 
times  repeated,  A  will  be  termed  fix.  But  Frac- 
tions f  among  which  I  reckon  Mixed  Numbers  con- 
fifting  of  an  Integer  and  a  Fraffion)  are  the  Notes 
of  any  Magnitude  intimating  its  Compofition  of 
equal  Parts,  not  indeed  abfolutely  but  by  compa- 
ring it  with  fome  other  Magnitude  compofed  of 
Parts  equal  and  of  the  fame  Name  with  the  Parts 
of  the  former  :  Or  FraSled  Numbers  are  the  Sym- 
bols of  any  Magnitude  equally  compofed  by  a 
certain  Method,  exhibiting  its  Proportion  to  ano- 
ther Magnitude,  which  is  compofed  of  the  fame 
equal  Parts.  As  if  A  be  compofed  of  fix  equal 
Parts,  and  B  of  nine  of  the  fame,  then  will  A  be 
fix  n'mth  Parts  of  B  (f  B),  or  A  will  be  to  B  as 
fix  to  nine ;  /.  e.  the  fame  Magnitude,  which  is 
here  ftiled  Unity,  if  taken  fix  Times  compofes  A, 
if  nine  times,  B.  Laftly,  Radical  or  Surd  Num- 
bers are  Notes  (hewing  a  Magnitude  to  be  any 
way  in  a  Mean  Proportion  between  fome  afliimed 
homogeneous  Ma^itude  equally  compofed  ac- 
cording to  the  Exigence  of  the  Number  applied, 
2  whether 
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whether  Integtr  or  FraBed^  and  its  Part  fupplyinj 
the  Place  of  Unity  -,  or  which  is  the  fame,  betweei 
any  Magnitude  taken  limply  and  undivided  am 
confequcntly  holding  die  Places  of  Unity,  and  ano 
ther  fo  multiplied  as  die  adjoined  Niimlir  requires 
e^.gn  the  Square  or  Second  Root  qf  the  Numbe 
3  denotes  a  Mean  Proportional  between  any  ztRuna 
Magnitude,  and  its  Triple.  And  the  Cubic  o 
Third  Root  of  Three  defigns  the  firft  of  tw< 
Jifean  Proportionals  between  any  afliimcdMagni 
tude,  and  its  Triple.  Alfo  the  Biquadratic  o 
fourth  Root  of  the' rJumber  5  fignifies  the  firft  o 
three  Mean  Proportionals  between  any  Magnitude 
and  its  Quintuple  -,  and  fo  in  like  manner  fo 
others. 

Now  as  to  what  pertains  to  thefe  Surd  Number 
(which,  as  it  were  by  way  of  Reproach  and  Ca 
lumny,  having  no  Merit  of  their  own  are  alfi 
ftiled  Irrational^  Irregular^  and  Inexplicable)  the] 
are  by  many  denied  to  be  Numbers  properly  ipeak 
ing,  and  are  wont  to  be  banifhed  from  Arithmeri< 
to  another  Science,  (which  yet  is  no  Science)  viz 
Algebra.  And  by  this  means  they  demutilate  Arith' 
metic  of  its  nobleft  and  moft  profitable  Member 
for  while  we  are  meafuring  Magnitudes  and  com- 
paring them  together,  we  oftner  in  our  Computa- 
tions light  upon  thefe  Surds  than  upon  Rationals 
which  they  call  Numbers.  But  with  me  it  is  be 
yond  all  Doubt,  that  thefe  have  the  fame  Right  t( 
be  accounted  Numbers,  and  equally  belong  to  th« 
Science  of  Numbers,  with  any  other  Integer  oi 
FraSliony  fuice  they  are  equally  apt  and  neceflary 
for  expreffing,  comparing  and  determining  Mag 
nitudes,  (wherein  as  we  have  already  hinted  th< 
whole  Ratio,  Import,  and  Ufe  of  Number  confifts^ 
and  fmce  there  is  no  general  Property  or  Operatior 
confonant  to  Integers  or  Fraflions^  which  docs  noi 
alfo  equally  agree  with  ;hefe.  Ex.gr.  I  as  readily  con 

ceiv( 
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ceive  what  is  meant  by  the  Square  Root  of  3  Yards 
as  what  is  denoted  by  three  Yards  itfelf  or  -^  of  a 
Yard,  andcanas  trulyre^fentitffom  thj^Foixeof 
us  Signification.  For  if  a  Right  Line  A  bcaflumed 
equal  to  a  Yard,  and  another  B  eaual  to  three  Yards, 
and  a  AtuiM  Proporlional  be  found  between  thefe,  as 
is  (hewn  in  Geometry,  then  the  Right  Line  f^d 
will  be  that  which  is  defigned  by  the  Square  Root 
of  j  Yards.  And  thefe  Numbers  by  the  Piredbion 
of  moft  certain  Rules  may  be  mutually  added  to 
and  fubtraded  from  one  another,  drawn  into  and  ap^ 
plied  to,  or  divided  by,  one  another,  and  any  way 
computed,  meafured,  or  brought  to  exprds  the 
Proportions  of  Magnitudes. 

Wherefore  there  is  no  Reafon,  why  they  ought 
not  to  be  taken  for  Numbers  or  be  exchided  from 
Arithmetic.  But  thefe  Numbers,  lince  they  cannot 
even  in  thought  itfelf  be  abftrafted  from  all  Mag- 
nitude, do  make  it  fufEciently  evident  that  Number 
differs  nothing  in  reality  from  Magnitude  :  and 
therefore  Stevinus  does  not  incongruoufly  term  them 
Geometrical.  For  what  does  ^  2  fignify  abftraft- 
ly?  Does  it  fignify  the  Root  of  the  abftrad 
Number  2  ?  But  this  Number  in  that  Refpeft  has 
no  Root,  i.  e.  there  is  no  Number,  Integer,  or 
Frafted,  which  being  drawn  into  itfelf  proauces  2. 
Nor  is  it  a  Mean  Proportional  between  i  and  2, 
for  there  is  no  fuch  Mean  Number  to  be  found. 
We  mufti  therefore  have  recourfe  to  Magnitude, 
to  conceive  what  is  defigned  by  this  Number.  For 
though  there  be  no  Mean  Proportional  to  be  found 
between  the  Number  i  and  the  Number  2,  yet 
there  is  a  Mean  Magnitude  between  the  Magni- 
tude fignified  by  the  Name  One^  and  that  deno- 
minated by  Twoy  which  may  fitly  be  defigned  by 
the  Name  of  the  Square  Root  of  ^wo.  And  the 
fame  of  Fraftions,  which  do  well  nigh  conftitutc 
the  principal  Part  erf"  Arkhmetic,  as  intimately  de- 


noting 
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noting  and  implying  Cotnpojition  and  Divifiony  the 
proper  Affeftions  of  Magnitude  which  agree  with 
all  Things  elfc  only  fecondarily,  and  for  the  (akeof 
Magnitude  adjoined.  He  ex.  gr.  who  fays  or 
conceives  *,  fays  or  conceives  nothing  at  all  but 
that  fome  Magnitude  is  compofed  of  two  Parts,  of 
which  another  Magnitude  makes  three  ;  or  that 
fome  Magnitude  is  divided  into  three  equal  Parts, 
two  of  which  he  conceives  or  fays  to  be  aflumed. 
Nor  do  Integers  othcrwife  exprefs  and  reprefent 
Magnitudes,  becaufe  thefe  alfo  include  Compofidon 
or  Divifion  in  their  Notion. 

Whence  by  the  by  we  may  know  how  to  judge 
concerning  the  Opinion  of  that  great  Man  we  have 
fometimes  mentioned,  who  to  (hew  that  Arithme- 
tic is  much  more  cxtenfive  than  Geometry,  entirely 
transfers  the  whole  of  Algebra  from  Geometry  to 
Arithmetic,  determining  Algebraical  Equations  to 
afcend  higher  than  Geometrical  ones,  and  denying 
that  Geometry  affords  as  many  Dimenfions  as  Arith- 
metic exhibits  Degrees  \  with  more  to  the  fame 
Purpofe.  All  which  Things  notwithftanding  may 
be  very  eafily  difcufled,  by  faying  that  by  thefe 
Algebraical  Equations  or  Dimenfions,  or  Arithme- 
tical Degrees,  either  nothing  at  all  is  underftood 
and  really  fignified,  but  all  are  imaginary  Chi- 
meras and  mere  Monfters  ;  or  elfe  they  have  fome- 
thing  anfwering  to  them  in  Geometrj',  which  they  do 
fignify  and  reprefent.  As  in  Reality  diere  is  no  Num- 
ber, no  Algebraical  Power,  no  Arithmetical  Degree, 
to  which  innumerable  Magnitudes  may  not  anfwer, 
in  every  Kind  ;  fuch  Magnitudes  being  appofitely 
reprefented  and  expreffed  by  thefe  Numbers.  For 
inftance,  let  the  Biquadrate  or  fourth  Power  of  the 
Number  Three  be  luppofed.  To  reprefent  this  Power 
Geometrically  affume  any  Magnimde,  it*s  all  one 
whether  it  be  Line,  Superficies,  or  Solid,  but  it 
will  be  more  fimple  if  you  take  a  Right  Line, 

fuppofe 
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luppofe  A.  Let  B  be  die  Triple  of  this,  and  let 
die  Kado  of  A  to  B  be  fo  continued,  that  5  Ri^t 
Lines  A,  B,  C,  D,  £,  are  contini^  Propordo- 
nals  ;  aiKl  E  will  bea  Right  Line  to  be  denoced  by 
die  fourth  Powerof  Three.  For  if  A  be  called  i ; 
B  muft  be  3  ;  C,  9  ;  D,  27 ;  and  £,  81 ;  or  the 
Biquadrate  of  Three.  We  have  therefore  a  Geome- 
tried  Biquadrate  of  the  Number  3,  or  die  Line  B, 
which  tnat  Number  defigns.  And  bv  a  like  Rea- 
fon  any  Arithmetical  D^ree  or  Algebraical  Power 
may  be  eadiibited  Geometrically.  Therefore  Ail- 
ments of  this  Sort  contain  nothing  of  Strength.  I 
could  produce  many  more  Things  to  this  Purpole> 
but  I  am  weary  of  dwelling  out  of  the  Way  any 
longer,  upon  a  Thing  fo  apparent. 

Notwidiftandii^  (n)  Ariftotle  pronounces  Arith- 
metic to  be  more  accurate  than  Geometry.  For 
7&'/yj,  fays  he,  conftfting  of  fewer  Principles  are 
more  accurate,  than  tbofe  underftood  by  Additiotiy 
as  Arithmetic  is  more  accurate  than  Geometry. 
And  clfewhere  more  cxprcfly.  (0)  That  Science  is 
more  accurate  which  conjifts  of  fewer  Principles,  than 
what  is  only  to  be  underftood  by  Addition,  as  Arith- 
metic is  more  accurate  than  Geometry.  I  fay  by  Ad- 
dition, as  Unity  is  a  Being  underftood  without  Poft" 
tion,  but  a  Point  is  tt>  be  underftood  only  by  Pofition  : 
Which  is  thus  explained  by  Proclus  -,  Arithmetic  is 
indeed  more  accurate  than  Geometry,  for  its  Princi- 
ples refpeSt  Simplicity.  Unity  implies  no  Pofition,  a 
Point  does,  and  a  Point  requiring  Pofition  is  the 
Principle  of  Geometry,  Unity  of  Arithmetic.  Thefe 
Things  are  neither  all  agreeable  to  the  Truth  nor 
depend  upon  a  good  Foundadon.  For  what  Sci- 
ence can  be  more  accurate  than  Geometry  ?  What 
Science  can  afford  Principles  more  evident,  more 
certain,  yea  I  will  add,,  more  fimple,  than  Geo- 

(9)  I.  MetajA.  cap.  2.  (9)  I.  Anal.  Poft.  c.  2^. 

metrical 
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metrical  Axioms,  or  exerdfes  a  more  ftridly  accu- 
rate Logic  in  drawing  its  GbnchiTions  ?  Bkit  Ari- 
fiotU  and  Proclus  affirm  that  Umiy  Cthey  had  m(Mre 
rightly  iaid  Numbers^  die  Principle  of  Arithmetic^ 
is  more  fimple  than  a  Pdnt  which  is  the  Principle 
<^  Geometry,  or  radier  of  Magnitude.  Becaufe  a 
Point  implies  Pofition,  but  Unity  does  not.  A 
Pointy  hjsAriftotUy  and  Unity  are  nai  toke  divided^ 
as  ^antUy:  Unity  requires  no  PofitUn^  a  Point 
does.  But  diis  Comparifoa  of  a  Point  in  Geometry 
with  Unity  in  Arithmetic  is  of  all  the  mod  un- 
fuflPerable,  and  derives  the  wcMil  Confequenccs  upon 
Mathematkal  Learning.  For  Umty  anfwers  reaUy 
to  fbme  Part  of  every  Magnitude,  hut  not  to  a 
Point :  Thus  if  a  Line  be  divided  into  fix  emal 
Pans,  as  the  whole  Line  anfwers  to  the  Numoer 
fix,  fo  every  fixth  Part  anfwers  to  Unityj  but  not 
to  a  Point  which  is  no  Part  of  this  Right  Line. 
A  Point  is  righdy  termed  Indivifible,  not  Unity. 
CFor  how  ex.  gr.  can  *  -I-  f  equal  Unityy  if  Unity 
be  indivifible,  and  incompofed,  and  reprelem  a 
Point)  but  rather  only  Unity  is  properly  divifible, 
and  Numbers  arife  from  the  Divifion  of  Unity. 
A  Geometrical  Point  is  much  better  compared  to 
a  Cypher  or  Arithmetical  Nothing j  which  is  reallv 
the  Bound  of  every  Number,  coming  between  ic 
and  the  Numbers  next  following,  but  not  as  a 
Part.  A  Cypher  being  added  to  or  taken  fixMii  a 
Number  does  neither  encreafe  nor  diminifh  k  ; 
from  it  is  taken  the  Beginning  of  Computation, 
while  itfelf  is  not  computed  ;  and  it  bears  a  mani- 
felt  Relation  to  the  principal  Prc^pcrries  of  a  Geo- 
metrical Point.  Nor  is  that  altogether  unexception- 
able, which  is  laid  of  Pofition ;  for  a  Point  taken 
univerlally  is  not  kfs  indeterminate,  and  void  of 
Pofition^  than  Unity  taken  the  fame  Way :  But 
Unity  taken  particularly  implies  a  definite  Pofition^ 
and  all  other  particular  Circumftances,  as  well  as 
5  a  parti- 
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a  particular  Point.  Laftly,  the  Accuracy  of  Arith-* 
mctic  and  Geometry  is  fo  far  from  being  different 
that  it  is  altogether  the  fame,  drawn  from  the  fame 
Principles,  and  employed  about  the  lame  Things* 
I  might  here  annex  many  Obfervations  and  0>nfc- 
quences  drawn  from  hence  ;  but 

Not  to  be  too  tedious  and  prolix,.  I  judge  it 
will  appear  plain  enough  to  every  one  who  duly 
weighs  what  I  have  fuggefted,  that,  in  reality. 
Number  (at  leaft  that  treated  of  by  Mathematici-^ 
ans^  differs  nothing  fix)m  continued  Magnitude  it 
ielf,  nor  feems  to  have  any  other  Properties  (Com* 
pofidon,  Divifion,  Proportion,  and  the  like)  than 
dther  from,  ox  in  refped  to  it,  as  it  reprefents,  w 
Jlipplies  its  Place ;  nor  confequently  that  it  is  any 
Species  of  Quantity  diftindt  from  Magnitude,  or 
the  Objed  of  any  Science  but  Geometry  (which  is 
convermnt  about  Magnitude  in  general)  :  In  fum,. 
diat  Number  includes  in  it  every  Confideration  per- 
taining to  Geometry.  Therefore  the  Element  Wri^ 
ter  (whatfoever  Ramus  can  objeft,  who  taunts  him 
with  that  Name)  did  not  unadvifedly,  in  inferting^ 
Arithmetical  Speculations  among  the  Elements  of 
Geometry,  nay  rather  he  did  great  Service  to  the 
Mathematics,  and  merited  highly  in  not  permitting 
thefe  Sciences  to  be  fcparated  from  one  another,  as 
if  they  were  feparate  in  Nature,  but  afligning  to 
Arithmetic  a  fuitable  Place  in  Geometry.  (/>) 

(fJQffilem  oerte  videtur  antiquiti!is  obtinuiffe ;  iiquidem  vel  ip(b 
magnns  Orator  de  Geometria  obiter  tra^bms,  de  recepto  opinor 
Ufa  potius  qoam  ex  Ingenio  fue  dicat,  Giomitriam  in  Nmnin$ 
•i^  Format  iffi dMJam,  Quintil.  T*  \o. 
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LECTURE    IV. 

Of  the  TJnfitrlefs  of  the   common  Divifion  of 
Mathematics  into  Speculative  and  Pradical, 
and  of  the  Eoccellence  of  Mathematical  Dc- 
monftracion. 

I  Have  now  propofed  what  I  thought  to  be  of 
Ufc  concerning  the  Divifion  of  the  Mathcma-» 
tical  Sciences;  but  have  purpofely  omitted  their 
Diftribution  into  Speculative  and  Prallicalj  as  lefs 
joft  and  neceffiiry ;  fince  this  does  not  fo  imlch 
indmate  Sciences  as  difierent  Refpefb  of  die  lame 
Science.  For,  in  my  Opinion,  every  Scienoe  is 
both  Speculative  and  Praftical :  Speculative^  as  it 
[peculates^  i.  e.  feeks,  inveftigates  and  demon^ 
ftrates  Truths  for  true  Propofitions)  agreeable  to 
its  Objeft :  and  Prallicalj  as  thofe  Truths  when 
found  and  demonftrated,  may  be  referred  to  Ufc, 
and  reduced  into  Prafticc.  Ex.  gr.  The  Politician 
fpeculates  and  infers,  ftx>m  well  weighed  Reaions, 
what  Form  of  Government,  and  what  Laws  wiU 
bcft  conduce  for  the  public  Welfare :  The  MoraEft 
confiders  and  pronounces  (i.  e.  invents  and  pre- 
fcribes  fome  certain  Theorem  or  univerial  Rule) 
what  is  the  Duty  of  a  good  Man  in  fuch  and  fuch 
Circumltances  :  The  Phyftcian  examines  and  deter- 
mines, from  Reafon  or  Experience,  the  Nature, 
Virtues,  and  Temperaments  of  what  they  call 
Simples,  whether  they  be  in  Faculty  Cool  or  Hot^ 
Dry  or  Moifl,  Healdiftil  or  Noxious  :  And  fo  ht 
thefe  Sciences  are  Speculative.  But  if  any  one  do 
ufe  thefe  Conclufions  for  the  direfting  of  his  Prac- 
tice, and  attemi>erate  his  Aftions  accordingly  :  If 
he  manage  Affairs  of  State  according  to  the  Pre- 
fcript  of  this  Political  ^eorcm  ;  if  he  live  accord- 
ing 
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ing  to  that  Moral  Precept ;  if  he  take  or  refufe 

luch  a  Plant  for  the  fake  of  his  Health  ;  then  do 

hcfe   Sciences  and  Conclufions  become  PrafticaL 

!\jid  the  lame  happens  in  our  Cafe.     The  Geomc- 

rician  demonftrates  univcrfally  ?*i&^/  ^^ry  Triangle 

s  equal  to  one  half  a  Parallel(^ram  upon  the  fame 

%afe  and  of  equal  Height :  That  a  Cone  is  equal  to 

me  third  Part  of  a  Cylinder  upon  the  fame  Bafe 

%nd  (f  equal  Height.      Which  Propofirions  ana 

Rules    being   univcrfally  true,    die  Geometrician 

finds  and  approves  by  Speculation,  and  they  may 

be   always  ufcd  for  determining  the  Meafurc  of 

my  Triaiigqlar  Area,  or  for  comparing  any  Co- 

niad  Veflcl  with  its  circumfcribed  Cylinder.     Both 

thcfe  Theorems  therefore  may   be  called  Practical 

IS  they  nelate  to  Ufc  and  Praftice,  but  they  would 

(or  that  Reafon  be  very  unfidy  divided  into  Spe^ 

ulative  and  Praliical.      Geometry  is  one  fimple 

'cience  which  may  be  confidered  in  two  Refbeas, 

n^.  it  is  ftiled  Speculative  as  it  is  true,  and  Prjr- 

al  as   it  is  ufehil.     The  Abfurdity  then  of  this 

ivifion  is  clear.     Notwithftanding  I  (hall  not  very 

ich  oppofe  him  who  urges  that  fuch  Geometrical 

Ics  are  more  ufeful,  which  (hew  the  Dimenfi- 

of  particular  Magnitudes,   or  are  accommo- 

xi  to  fome  certain  material  Subjeft  ;    though 

perhaps  may  prejudice  the  main  Science,  and 

ould  be  better  to  find  them  no  where,  but  af- 

'  to  their  proper  Fundamentals  in  Geometry, 

;  with   their  Demonftradons,    i.  e.    in  their 

r  Place  and  native  Order  :  But  it  ought  not 

JVC  to  be  thought  that  a  Colledtion  of  Rules 

s  Sort  do  conftitute   a    Part  or  Species  of 

ctry  diftinft  from  Speculative.     Conlequendy 

Tmetijj  or  the  Do6trine  concetning  the  Di- 

1  ot  Rcftangular  and  Spherical  Triangles  j 

y,  which  Ihews  the  Way  of  finding  Di- 

Planimetryj  which  teaches  to  defcribc  and 

£  2  ineafurt 
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meafure  plain  Surfaces  •,  and  Stereometry^  which 
compares  the  Meafures  of  folid  Bodies:  thefe  arc 
not  Parts  of  Speculative  more  than  PraSical 
Geometry,  but  belong  to  the  lame  Science,  which 
in  a  different  Refpeft  may  be  called,  either  Spe- 
culative or  P  radical. 

Hitherto  we  have  treated  concerning  the  general 
Objeft  of  the  Mathematical  Sciences  and  thdr 
t)ivifion.  It  remains  in  the  next  Place  to  confider 
the  Mode  or  Manner  whereby  they  arc  converiant 
about  their  Objed  -,  which  is  certainly  the  fame 
with  what  obtains  in  all  other  Sciences  properly  fo 
caUed  :  Forafmuch  as  it  is  the  Defign  of  all  Sci- 
ences to  inveftigate  the  jparticular  Propertiesi  Affec- 
tions and  Pajfiom  of  their  Objedb  together  with  ks 
fiflence,  either  as  they  flow  immediately  or  me- 
'  diateiy  from  it ;  and  to  (hew  that  they  do  ncccf- 
farily  agree  with  it  by  a  certain  and  evident 
Difcurfus.  Though  as  {q)  Arifiotle  takes  nodce, 
in  more  Places  than  one,  this  is  in  &6t  performed 
by  fome  more  (r)  clofely  and  validly^  and  by  others 
more  loofely  and  faintly j  according  to  the  ConditicMi 
of  the  Matter.  And  this  kind  ofDifcur/us  is  wont 
to  be  called  (s)  Demonfiration.  But  it  is  neither 
my  Office  nor  Intention  to  handle  this  Matter  at 
large,  fince  it  properly  belongs  to  Logic.  He 
therefore  that  would  have  a  more  intimate  Know- 
ledge of  it,  and  defires  to  tafte  of  the  Orig^ 
Fountains  themfelves,  let  him  confult  Arijiotle  its 
famous  Inventor  and  Author  in  his  Books  of  Ana- 
lyfisy  the  pofterior  Books  efpecially,  where  he  ex- 
plains the  Nature  of  Demonfiration,  and  prefixes 
Laws  to  it.     But  it  may  fufHce  for  my  Purpofc 

(q)  V.  Mctaph.  cap.  2.  (r)  XI.  Mctaph,  cap.  7. 

(s)  'Av«Ai{($y  fo  called  perhaps,  becaufe  the  Conclufioii  6xKmL 
by  it  appcan  as  plainly  to  the  Undcrflanding,  as  a  Thmg 
*v        L..  .L-j  Pointing  of  ^^  Finger  appears  to  the  Scnfc     ^ 

)f  thcl 

only 


ihewn  by  the  Pointing  of  the  Finger  appears  to  the  Scnfc.  For 
AMtMtf  iienifies  as  much  as  to  (hew  by  the  Pointing  of  thcFingcr, 
(A»rvA«XMim)'  Whence  ^wtW^^,  as  it  were  Af»rvA^. 
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«ily  to  take  Notice  of  his  Sayings  and  Prefcriprs 
as  diey  accord  with  the  Mathematical  Way  of 
Reafoning.  But  if  we  weigh  the  Matter  more 
nicely,  we  (hall  find  that  Demonftration  agrees  pror 
perly  and  pieculiarly  with  thefe  Sciences  only,  and 
cannot  with  equal  Juftice  be  fuppofed  to  agree  with 
odicr  Difciplines.  Whence  Arijlotle  in  the  Beginning 
of  his  Ethics  excufes  himfclf  why  he  could  not  ftriftly 
demonftrate  moralTrutbs ;  becaufe  the  Rigour  of  De- 
monftration is  only  to  be  found  in  the  Mathematical 
Sciences,  and  not  in  that  Kind  of  Learning ;  alledging 
it  to  be  equally  out  of  the  Way  (I)  to  require  perfua- 
five  jlrguments  from  a  Matbematiciany  as  Demon-- 
firations  from  an  Orator.  And  for  the  fame  Rea- ' 
fon  he  denies  that  a  Mathematical  Exaffnefs  ihould 
be  required  from  a  natural  Philofopher :  Which 
when  that  excellent  Logician  Jac,  Zabarella  had 
confidered,  as  he  fomewhere  teftifies  of  himfelf,  he 
diligendy  purfued  Euclid's  Elements  over  and 
over,  that  he  might  the  better  underftand  and  ex- 
plain the  Nature  of  Demonftration.  Bat  it  will 
perhaps  be  worth  the  Trouble,  briefly  to  enquire 
into  the  Caufes  from  whence  this  ^Difference  pro- 
ceeds ;  why  Demonftration  which  is  every  where 
found  m  the  Mathematics,  ftiould  occur  fo  feldom, 
or  rather  never  in  other  Difciplines.  And  I  know 
no  other  Way  by  which  the  Nature  of  Mathema- 
tical Demonftration  will  appear  more  eafily  and 
clearly,  than  by  fuch  a  Comparifon.     And  that 

L  Becaufe-we  do  clearly  conceive,  and  readily 
obtain  diftinfb  Ideas  of  the  Things  which  thefe 
Sciences  contemplate  \  they  being  Things  the  moft* 
fimple  and  common,  fuch  as  lie  expofed  to  Senfes, 
capable  to  be  reprefeniod  by  the  moft  fiimiliar  Ex- 
amples, and  therefore  moft  cafy  to  be  underftood, 
as  containii^  in  them  nothing  abftrufe,  intricate  or 
Hnufuai.  Whsitex.gr.  k  ^' Right-  Line?  What, 
(i)  I.  Metaph.  cap.  uk, 

E  3  ^flain 
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a  flaxn  Superficies^  a  Triangle^  a  Square^  a  Circle^ 
^Pyramid  J  a  Cubey  a  5pA^r^  /*  Thefe  are  Things 
which  we  perceive  clearly  and  diftinftly,  where 
very  few  Things  are  required,  and  which  niay 
be  exprefled  in  the  feweft  Terms,  and  reprefcntcd 
by  the  cleareft  Examples.  Whence  it  conies  tQ 
pafs  that  concerning  Things  fo  evidently  and  accu- 
rately perceptible  it  is  no  hard  Matter  to  demon-^ 
ftrate  fome  Truths,  viz,  fuch  as  agree  with  thefe 
Ideas,  or  are  immediately  inferred  from  them. 
But  in  other  Sciences  it  generally  falls  out  otherr 
wife,  becaufe  the  Things  which  they  confider  arc 
of  a  Nature  more  recondite  and  abftradted  from 
the  Scnfes,  more  intricate  and  complex,  and  more 
dark  and  confofed  to  the  Apprehenfion.  £x,  gr. 
It  is  hard  to  imagine  diftinftly,  and  define  exaftly 
what  is  Colour  in  Pbyfics^  Happinefs  in  EtbicSj  or 
Che  Law  of  Nations  in  Pclilicu  becaufe  we  have 
feldom  any  clear  Notion  of  thefe  Things ;  and  if 
we  have,  it  is  fo  complex,  that  perhaps  no  two 
Perfons  have  entirely  the  fame,  or  we  are  not 
^ble  to  make  it  out  to  thofe  with  whom  we  con- 
verfe.  Whence  it  falls  out,  tliat  there  are  ahnoft 
as  many  different  Conceptions  and  Explications 
of  fuch  Things,  as  there  arc  Authors  and  Inter* 
preters. 

II.  A  fecond  Reafon  is,  becaufe  Mathematir 
dans  do  ufe  fuch  Words  as  make  their  Defini-^ 
tions  perfpicuous,  and  without  the  leaft  Ambi- 
guity :  or  to  fpeak  more  folly,  they  exprefs  their 
Conceptions  with  more  adequate  Terms,  fuch  as 
are  of  a  certain  and  invariable  Signification  ;  fo 
(hat,  as  foon  as  ever  the  Term  for  the  Thing  pro- 
pofed  is  heard,  the  Conception  ^nfwering  to  it  im-f 
inediately  occurs  to  the  Mind.  Nor  does  there' 
urife  any  Doubt  or  Controverfy,  about  whatfocvcr  13 
^0irmed  or  denied  of  fuch  Things,  but  every 
Thin^  apparently  Vsnds  %q  the  Cwitude  of  the 

proportions. 
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propofidons.     But    in  other  Dilciplines,    as  the 
Obicurity,  Perplexity,  and  Confiifion  of  the  No- 
tions,  fo  alio  the  Ambiguity  and  Inconftancy  of 
the  Words  by  which  thole  Notions  arc  fignificd, 
do  neceflirily  produce  much  Darkncfi  and  Un- 
certainty in   their  Conclufions,     For  in    general, 
•  they  n^eA  the  Definition  of  their  Terms,  often- 
times admit  Speeches  improper  and  metaphorical, 
and  accept  the  lame  Word  m  diScrent  Senfes  ;  at 
Icaft  different  Authors  do  varioufly  take  and  diP- 
fcrcndy  dcfcribc  one  and  the  fame  Thing,  every 
one  accommodating  his  Conclufions  to   his  own 
Signification  or  Defcription  :  From  whence  there 
Deceflarily  arifes  not  only  an  Uncertainty,  but  alio 
a  Contrariety  of  their  Propofitions  •,  the  Contem- 
plation of  the  Truth  degenerating  into  Difputacion, 
and  that  Dilputation  ending  in  mere  Logomachy  ; 
the  principal  Part  of  the  Controverfy   being  Ipent 
in  the  indefinite  Signification  of  the  Terms.     And 
the    Definitions     and    Defcriptions,    which    they 
bring,  do  not  only  for  the  moft  Part  leave  thcfe 
Faults  unremedied,  but  do  very  often  involve  the 
Queftion  in   Obfcurities   and  Trifles.      For  what 
Light  can  be  had  ft-om  fuch  Definitions  as  thefe  ? 
Motion  is  the  A£lion  of  a  Being  in  Tower ^  as  it  is  in 
Power.     Light  is  the  Action  of  a  "Thing  perfpicuous^ 
as  it  is  perfpicuous.     The  Soul  is  mere  A£lion  or 
Perfeilion^  or  it  is  Number  moving  itfelf     Which 
Explications  do  rather  ferve  to  perplex  and  con- 
found, than  enlighten  or  inftrucl  us.     So  that  that 
jcfting  Definition  of  a  Man,  which  was  ufed  by 
Pemocritusj  is  better  and  more  ufefiil  than  thele : 
A  Man  is  what  all  of  us  know.     In  fhort,  if  the 
Matter  of  the  Propofitions    to  be    demonftrated 
which  are  Words,  (;.  e.  the  Symbols  of  the  Things 
conceived  in  the  Mind)  have  no  certain  Significa- 
tion, it  will  be  impoffible  to  come  at  any  Ceruinty 
concerning  die  Tf  ath  of  the  Propofitions. 

E  4  w^  ^ 
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III.  A  third  Reafon  why  Dcmonftration  is  fo 
peculiar  to  Mathematicians  is,  becaufe  they  admit 
no  Principles  or  Axioms  which  are  not  univerlally 
true,  which  are  not  proved  by  a  continued  Ih- 
dufbion,  not  granted  by  common  Suffrage,  and 
laftly  which  are  not  fupported  by  their  own 
Strength,  and  confpicuous  from  their  own  Light  ; 
ft)  that  what  Conclufions  are  drawn  from  hence  do 
neceflarily  compel  the  Aflent  of  the  Hearer.  For 
who  does  not  eafily  underftand  fuch  Propofitions  as 
thefe  as  foon  as  he  hears  them  •,  and  readily  ac- 
knowledge them  as  Things  moft  true,  moft  plain, 
and  agreeable  to  conftant  Experience  ?  viz.  Thai 
^Hbings  equal  ta  She  fame  Jlnrd  are  equal  to  one  ano- 
ther :  ubat  if  equal  Magnitudes  he  added  to  or 
taken  from  equal  Magnitudes^  the  Sums  or  Remain- 
ders will  be  equal :  That  the  IVhole  is  greater  than 
its  Party  fcff.  which  are  Truths  that  fufFer  no 
Exception,  and  require  no  Proof  or  further  Ex- 
plication. But  in  other  Difciplines,  the  Principles 
on  which  the  Superftrufture  is  to  be  raifed,  cither 
for  the  moft  part  may  be  weakened,  as  to  their 
Univerfality,  by  contrary  Inftances,  and  confe- 
quendy  require  fome  Exceptions,  Limitations,  or 
Diftinftions,  to  avoid  the  Imputation  of  Falfity  ; 
or  elfe  they  are  only  admitted  precarioufly,  and 
do  not*  force  the  Affent  of  the  Hearer  •,  or  laftly, 
they  require  ferther  Confirmation,  or  a  more  prolix 
Explication  -,  whence  it  happens,  that  no  Conclu- 
flon,  which  is  univerlally  true,  evident,  indubitable 
and  irrefragable  can  be  inferred  from  them,  nor 
can  any  ftable  irrefiftible  Dcmonftration  be  ereftcd 
upon  Foundations  fo  wavering  and  inconftant* 
For  what  Certainty,  pray,  can  be  deduced  from 
fuch  Principles  as  thefe  ?  Nature  does  nothing  in 
wain  :  AU  Things  aim  at  good  :  Nothing  gives  what 
it  has  not :  ana  the  like.  How  many  contradic- 
tory Propofitions  by  ufing  a  little  Subtilty,  bothmay 

and 
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and  are  wont  to  be  inferred  froni  diefe  by  liich  as 
dd^ght  in  Querks  ?  For  extricating  and  reconciling 
wluch  to  one  another,  Acy  are  forced  to  invent 
iiich  a  vaft  Number  of  Ikde  Diftindions,  as  is  in- 
deed wonderfiil ;  from  whence  refults  much  Diipu- 
tation,  but  no  Demonftration. 

IV.  Like  to  the  lafl:  is  a  fourth  Reafbn,  viz. 
That  Mathematicians  admit  no  Poftulates^  nor  fup- 
pofe  any  Hypotbefes  but  fuch  as  are  evidently  polfi- 
ble,  and  moft  cafy  to  the  Imagination :  fuch  as 
according  to  Proclus^  are  Eafy^  Helffulj  Simple 
and  Ready :  Such  as  none  can  refiiie  to  grant  how- 
fi)ever  prgudiced,  unlearned,  and  untradable.  Ex. 
gr.  Wncn  'tis  iiippofed  or  required  thai  a  Right 
Line  may  he  either  drawn^  or  conceived  to  he  drawn 
through  any  two  Parts  ajftgnable :  That  ajfuming  any 
Point  as  a  Center^  the  Circumference  of  a  Circle 
may  either  pafs  or  he  underjlood  to  pafs  through 
any  other  given  Point :  That  any  Body  may  he  cut 
with  a  Plane  :  That  a  Semicircle  may  he  turned 
about  its  Axis.  Who  will  deny  that  thefe  Things 
may  be  done  or  conceived  to  be  done  ;  or  objeft 
againft  any  one  for  fuppofing  Things  fo  evidently 
poflTible  :  Things  which  he  fees  and  experiences  to 
oe  done  daily  ?  But  in  other  Sciences  the  Matter  is 
far  otherwife.  Thefe  fcem  not  any  Way  to  ex- 
plain the  Caufes  of  Thmgs,  nor  do  their  ProfeflTors 
flick  at  coining  Hypothefes  fuitable  to  their  Ail- 
ments, and  requiring  Pqjlulata  which  ace  altoge- 
ther arbitrary,  hard  to  be  digefted,  and  mon- 
ftroufly  immodeft:  Things  which  are  not  only 
difficult  to  be  believed,  but  oftentimes  hard  to 
be  conceived.  As  ex.  gr.  When  in  Phyfics,  it 
is  required  to  be  grantal  for  the  Explication  of 
Vifion,  That  I  dotft  know  what  kind  of  intentional 
Species  are  difperfed  around  from  every  Appearance 
of  the  vijihle  Ohie£t.  Or  according  to  others.  That 
Hrtain  corporeal  Effluvia^  or  thin  Skim^  peeled  from 
6  the 
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the  Thing  ohjelledj  more  fine  than  Thought  itfelfy 
are  every  where  carried  in  a  direS  Courfe  to- 
wards wbatfoever  is  f laced  in  View:  Or  laftly, 
which  is  the  Opinion  of  fome.  That  certain  Mo^ 
tionsy  jfltionsj  or  Endeavours  are  directed  and  de^ 
rived  with  the  utmoji  Eafe  and  Speed  from  every 
Point  of  the  illuminating  or  illuminated  ObjeSl  to 
every  Point  of  the  circumfcribed  Medium.  No  Body 
furely  is  {o  fimple  or  credulous,  as  immediately  to 
agree  or  force  himlelf  to  acquiefce  with  any  of 
diefc  Hypothefes  (though  ingenioufly  deviled)  noi 
only  as  true,  but  as  at  all  poflible,  or  in  any  De- 
gree probable  ;  becaufe  fo  many  Difficulties  occur 
to  prevent  or  deftroy  his  Faith,  who  does  but  a 
little  attend  to  them.  And  who  would  not  make 
him  alhamed  of  his  Unreafonablenefs  that  has  the 
Forehead  obftinatcly  to  require  many  fiich  Thingsj 
granted  him  ?  At  leaft,  who  can  imagine  that  a 
folid  Demonftration  can  ftand  upon  fo  loofe  and 
landy  a  Foundation  ? 

V.  Moreover  fifthly  Mathematicians  being  a 
Sort  of  Men,  in  the  highefl  Degree  modeft,  and 
patient  of  Labour,  do  not  only  go  upon  Prin- 
ciples (u)  manifefUy  true,  and  alTume  fuch  Hypo- 
thefes as  are  apparently  poffible,  but  do  beyond 
Meafure  afFeft  a  ftri6t  Paucity  in  both.  They  had 
rather  take  any  Pains  to  demonflratc  their  Affer- 
tions,  than  beg  the  Aflent  gratis^  or  make  too 
free  with  the  Hearers  Liberality.  They  defiro 
that  the  Evidence  and  Validity  of  their  Conclu- 
fions  may  be  owing  to  the  Force  of  their  proper 
Reafons,  and  not  to  another's  Eafinefs.  They* 
cfleem  it  worth  all  their  Diligence  and  Pains  tq 
grow  exorbitantly  rich  out  of  a  fmall  Stotk,  tq 
encreafc  to  an  immenfe  Height  of  Knowledge 
froftx  a  little  Root,  and  to  build  a  va^t,  and  nq 

{u)  Arift*  J,  P6ft.  cap,  25, 
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k&  firm,  Strufture  upon  a  nanow  Foundation. 
They  chmfore  ufe  a  giieat  deal  of  Labour  and  te- 
dious Prolixity  in  deducing  Ibme  Propofitions, 
odierwife  moft  eafy,  bccaufe  they  hate  a  Multi- 
plicity of  Poftulates  and  Axioms.  Upon  which 
Account  that  great  (v)  Cenfurer  (or  rather  Carper) 
RatHMs  iharply  reproves  Euctid^  becaufe  he  un^ 
denook  to  demonftrate  many  Propofitions^  which 
in  his  Opinion  were  Tufficiendy  evident  from 
dieir  own  Light,  and  therefore  fhould  have  hoca 
p^Qed  by  undemonftrated,  and  been  reckoned 
among  the  Number  of  Axioms.  But  he  mi^ 
as  weu  have  gone  through  die  whole  Troop  of 
^cient  Geometricians,  who  were  all  guilty  of 
the  fame  Fault ;  and  among  them  acqufe  the  divine 
Archimedes  himfelf,  becaufe  he  refufed  the  Liberty 
of  afliiming  more  Axioms  or  Pofhilates  than  were 
ncceflary;  and,  arrogating  fuch  a  Licence  to 
himlelf,  rather  chofe  to  propofe  and  demonftrate 
his  admirable  Theorems  with  fomething  more  of 
Intricacy  and  Prolixity,  which  might  have  been 
done  otherwilc,  with  more  Shortness  and  Pcrfpi- 
cuity.  But  in  my  Thoughts  their  Method  feems  by 
no  means  Blame-worthy,  but  ought  rather  to  be 
very  much  commended  and  embraced.  For  no 
Piligence  or  Solicitude  fhould  be  thought  too  much, 
which  is  fpent  in  eftablifhing  the  firft  Principles 
of  Sciences.  It  is  far  better  that  many  Demon- 
ffaations  be  redundant,  than  for  one  to  feem  de- 
fcftive.  Every  Handle  for  cavilling  or  refafing 
die  Aflent  to  the  Principle  of  any  Argument  as  un- 
certain or  lefs  notorious  is  to  be  taken  away  from 
Epicurean  Difpofiuons.  All  Sufpicion,  all  Dread, 
all  Hefitadon  is  to  be  removed  from  thefe  Dif- 
ciplines,  as  much  as  may  be.  Nor  is  the  Faith 
of  Jjcarners  to  be  put  to  too  much  Trial,  nor 

(v)  $d«4.  Mdthem.  Lib.  j. 
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their  Minds  too  far  drained  and  blunted  widi  the 
Mulcicude  of  Hypothelb,  nor  too  much  accuftom- 
ed  to  a  rafti  Prefumption.  Howfoevcr  it  may 
not  be  either  unprofitable  or  unpleafant  to  fhew 
the  Coherence  and  Affinity  of  the  firft  Propolitiona^ 
one  with  another  by  a  Syllogiitical  Operation: 
And  as  it  is  more  great  and  glorious  to  fubdue  an 
Enemy  with  a  fmall  Force,  fo  to  ereft  innumera- 
ble Truths  upon  a  few  Principles  procures  mew© 
Admiration,  and  merits  a  greater  Praife  to  con- 
auering  Reafon.  Wherefore  neither  do  I  think 
tnat  curious,  but  ingenious.  Sedulity  of  the  great 
Apollonius  at  all  to  be  blamed,  much  lefs  with 
fome  to  be  accufed  of  Ambition  or  Madncfs, 
who  attempted  to  dcmonflrate  that  fiimous  Axiom 
of  the  Equality  of  Things  equal  to  the  fame  third. 
Nor  do  I  carp  at  the  needlcfs  Smdy  of  Region 
tnontanus^  who,  as  it  is  faid,  undertook  to  de- 
duce the  firft  Rules  of  vulgar  Arithmetic  from. 
Euclid^s  JElements.  In  Imitation  of  whom,  one 
of  our  own  Philofophcrs,  well  known  to  all,  at- 
tempted the  Demonrtration  of  that  moft  remark- 
able Principle,  ^at  the  Whole  is  greater  than  it ^ 
ParJ. 

But  however  what  I  purpofed  to  fhew  appears 
from  what  has  been  faid,  it  is  plain,  that  where 
fo  much  Labour  is  taken,  and  fuch  Care  ufed  to 
prevent  any  Propofition  from  afpiring  at  the  Dig- 
nity of  an  Axiom,  and  the  Number  of  Hypo- 
thefes  from  enpreafmg  to  a  Multitude  j  there  it 
can  be  no  Wonder,  if  every  Conclulion  be  mofl 
validly  demonfbated.  But  in  other  Kinds  of  Learn-* 
ing,  the  Reafon  and  Method  of  Proceeding  is  dif^ 
ferent.  In  thofe  do  grow  an  infinite  Crop  of  Axi^ 
cms,  which,  if  tranfcribed,  would  make  weH 
rcplenifhed  Store-houfes  of  Volumes.  Every  pro- 
baole  Propofition  afjpires  at  the  Degree  of  an  Axi- 
om 9  and  howcveFvit  beafliuned  gratis j  k  works 
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all  that  b  reauifice  for  die  Proof  of  a  Conclufion. 
And  for  the  Difpatch  of  every  Queftion,  or  the 
Explication  of  a  rhsenomenon,  a  new  and  diftinft 
Hypothefis  is  invented.  From  whenoe  it  hap- 
pens that  in  what  is  called  and  accounted  tte 
fame  Science  are  found  Hypothcfes  without  Num- 
ber; even  as  many  as  dim  are  SubjeAs  to  be 
handled,  which  na  only  overcome  the  Fakh  of  the 
Hearers,  but  confound  the  Memory  itfelf ;  fo  that 
diey  can  firarce  by  any  Means  be  made  confiftent^ 
nay  do  often  oppofe  and  contradift  one  another. 
And  every  one  fees  what  a  Syftem  of  Demonfbations 
muft  proceed  fiom  hence. 

VI.  But  again  fixdily,  the  Gemratums  of  Mag- 
nitudes, by  which  Mathemadcians  do  fomedmet 
define  them,  and  deduce  their  Properdes  are  mdt 
eafiJy  perceived  by  the  Imaginadon  as  highly 
pofTible  and  to  the  utmoft  Degree  reafonable.  Ex. 
gr.  When  a  Circle  is  defcribed  from  the  carrying 
about  of  a  Right  Line  one  of  whofe  Extremes  is 
fixed  ;  a  Cone  is  formed  from  the  Rotation  of  a 
Reftangular  Triangle  about  one  of  its  immove* 
able  Legs  •,  a  Sphere  is  generated  from  the  turn- 
ing of  a  Semi-circle  about  its  Diameter,  as  an  Axis : 
In  like  manner,  when  a  Right  Line  is  made  from 
the  fhortefl  diredl  Motion  of  a  Point ;  a  Paral- 
lelogram from  the  tranfverfe  Paflage  of  a  Right 
Line  keeping  a  perpetual  Parallelifm  through  the 
fame  Plane  -,  a  Pnfm  or  Cylinder  from  the  like 
parallel  Tranfit  of  a  Reftilineal  Plane  Figure  or  a 
Circle  ;  when  a  Spiral  and  ^adratrix  (two  Curve 
Lines)  are  defcribed  from  a  twofold  uniform  Mo- 
tion, the  one  right  or  parallel,  the  other  circular ; 
a  Parabola  fix>m  a  twofold  Motion,  the  one  uni« 
form,  and  the  other  uniformly  accelerated.  Now 
no  Body,  who  will  but  attend  a  little  can  deny, 
or  in  the  leaft  doubt,  but  fuch  Motions  may  be 
perfornacd  i  and  that  f\)ch  Effe^  mufl  neceffarily 
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rtfidt  from  them.  Our  Underftaiviings  caraioc  but 
dearly  perceive  what  will  follow  from  ii^^pc^ng 
iiich  Gener^ions.  Therefore  the  Vtopavic^  of 
Magnitudes  may  be  eafily  drawn  and  demonftrated 
£t>m  fuch  Cauies. 

But  die  Produftion  of  natural  oc  odier  Thingi 
are  not  io  manifeft ;  neidier  can  the  Properties  of 
die  £ffe£t9  proceeding  from  any  fuch  fuppofed 
Cauies  be  thus  deduced^  Ex.  gr.  Sinipofing  fuch 
a  Compkidkxi  or  Temperament  of  elementary 
Things,  or  io  great  a  Icorching  of  Sulphur^  or 
that  the  Rocadon  of  ibme  fubtk  Matter  prevails 
over  its  direA  Paflage ;  who  dare  bololy  and 
peremptorily  a0ert  that  fuch  an  Appearance  wiU 
neceflarily  be  produced  to  the  Sight  as  is  wont  to 
conftitute  or  accompany  a  Red  Colour  ?    Confe- 

Suendy  none   can  demonftrate    the  PalTions  and 
Lffb^ons  of  Things  from  fuch  feigned  Genera- 
tions. 

VII.  Hither  alfo  we  may  refer,  feventhly,  the 
accurate  Order  in  which  Mathematicians  handle 
their  Subjects,  inveftigatc  their  Truths  and  dif- 
pofe  their  Propofitions.  (w)  Ariftotle  takes  Notice 
that  the  Order  ufed  amongft  Mathematicians  is 
helpful  to  the  Memory  \  and  confequendy  to  the 
rodbning  Faculty.  In  the  Order  of  the  Mathema- 
tics, it  may  be  efpecially  obferved,  that  thofe  firft 
fclf-evident  Propofitions  which  are  requifitc  for  the 
Demonflxation  of  others,  viz.  Definitions^  AxiomSi 
and  Poftulatesj  are  wont  to  be  carefully  ranged  in 
the  Front,  the  Nature  of  our  Way  of  Arguing  fo 
requiring  :  Next  to  thefe  are  placed  the  more  Am- 
ple Propofitions  which  are  immediately  deduced 
from  the  former  ;  then  follow  thofe  that  are  drawn 
from  thefe  latter,  and  thus  an  indiifohible  Chain  of 
Arguments  is  carried  on  in  an  uninterrupted  Series, 

C'-jif)  Tra^  d0  Mempria  k  Reminifc.  cap.  2. 
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the  latter  ftill  receiving  Light  and  Strength  fhxii 
the  fbrmer.    Whence  (it   alfo  happens,   that  thr 
Ch-ig^nal  of  every  Propofidon  may  be  derived  even 
from  its  firft  Principles,  its  Dependance  upon  and 
Connexion  with  them  perceived,  and  con&quently 
b  Verity  dilcovered   by  a  certain  and  infallible 
Ratiocination.     Again  we  'may  obferve  with  the 
Mathemadcians,  that  if  any  Propofitions  found  and 
demor^ftrated  be  of  more  remarkable  Note  or  uni-. 
▼crfel  Nature,  if  they  excel  eidier  in  Point  of  Ele- 
gance or  Ufefulnels,   theie  being    approved  and 
cftabliflied  by  the  Examination  of  fkilful  Perfons 
are  referved  as  a  Trealime,  and  laid  iqp  in  a  kind 
of  publick  Storehoufe,  from  whence  they  may  be 
drawn  forth,  as  Ufe  Ihall  rec^ire,  to  lienre  for  the 
Invefligadon  and  Demonfbadon  of  others.     OH 
which  Kind  are  moft  of  the  Propofitions  of  the 
ancient  Geometricians,  which  do  exhibit  the  par^ 
ticular  Properties  of  certain  Magnitudes  more  re- 
markably obvious  to  the  Mind  ;  as  the  Elements 
of  Euclidy  the  Spherics  of  Tbeodoftusj  the  Conies  of 
Apdloniusy  Jtrchimedes  of  the  Spoere  and  Cylinder^ 
with  others.     Thefe  are  as  fb  many  Seminaries  or 
Storehoufes  of  Geometrical  Truths  upon  various 
Subjefb,  fix)m  whence  mnumerable  ConchiGons  are. 
eafily  deduced  *,  or  as  fo  many  Principles  leading 
to    the  Invendon    and    Probadon    of  almoft  aU 
other  Propofitions  ;  or  lafUy,  as  fo  niany  Criteria 
or  Touchftones  by  which  other  Truths  are  to  be 
tried  and  examined. 

In  other  Difciplines  it  for  the  moft  part  falls 
out  otherwife.  For  if  you  feek  for  Principles 
you  will  no  where  find  them,  or  at  leaft  you  will 
find  them  mingled  and  confounded  with  their 
Conclufions  without  Diftinfbion  -,  and  like  the  Ships 
of  Mneas  difperfed  throuah  the  wide  Ocean  v 
which  muft  needs  very  mud)  difturb  and  impede 
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die  Progrefs  of  the  Student :  F'crf,  as  {x)  Proctus 
fiiys,  ^e  mingling  of  Principles  binders  all  Know* 
ledge^  and  compares  together  Things  that  have  no 
Relation  to  one  another.  Nor  will  you  oblenre  in 
them  any  Order,  or  almofl  any  Cbdne^on  of  die 
PropoTitions  themfelves ;  fo  that  yoU  ^nnot  trace 
the  Origin  of  any  particular  Propolition  whatfoever 
to  its  nrft  Principles,  nor  can  it  certainly  appear 
to  you  whether  it  is  true  or  falfe  ;  but  according 
to  the  Saying  of  Hieroclesy  the  Mfplacing  of  Things 
deceives  and  perverts  the  Judgment.  By  Reafon  of 
which,  no  Principles  are  at  Liberty  to  be  known 
by  all  or  confirmed  by  the  common  Suffrage,  to 
which  every  Difcurfus  is  to  be  referred,  fixMn  whidi 
the  Invention  of  Theorems  and  Reiblution  of 
Queftions  is  to  be  fetched,  and  laftly  by  which  die 
Truth  of  Propofitions  is  to  be  examined. 

VIII.  Eighthly  and  laftly;  It  maybe  obferved 
of  Mathematicians  that  they  only  meddle  with 
foch  Things  as  are  certain,  pafling  by  thofe  that 
arc  doubtful  and  unknown.  They  profefs  not  to 
know  all  Things,  neither  do  they  affeft  to  fpeak 
of  all  Things.  What  they  know  to  be  true, 
and  can  make  good  by  invincible  Arguments,  that 
they  publifli  and  infert  among  their  Theorems. 
Of  other  Things  they  are  filent  and  pafs  no  Judg- 
ment at  all,  chufing  rather  to  acknowledge  their 
Ignorance,  than  affirm  any  Thing  raflily.  They 
affirm  nothing  among  their  Arguments  or  Aflcr- 
tions  which  is  not  moft  manifeftly  known  and  exa- 
mined with  the  utmoft  Rigour,  rejefting  all  pro- 
bable Conjefhires  and  litde  Wicticifms.  They  fub- 
mit  nothing  to  Authority,  indulge  no  Aifeftion, 
deteft  the  Subterfuges  of  Words,  and  declare  their 
Sentiments,  as  in  a  Court  of  Judicature,  without 
Pajfjony  without  Apology  ;  knowing  that  their  Rca- 
(i^)  Lib.  2.  pag.  22, 
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fans,  as  (x)  Seneca  tseffifies  of  them,  are  not  bfx>ughc 
to  perfuade^  but  to  compel.  And  by  this  meana 
they  preierve  their  Sciences  pure  and  free  from  tho 
\a&,  Stain  eidier  of  Error  or  Doubt.  In  others, 
which  are  called  Sciences,  Things  doubtful  am 
proniilcuoufly  mingled  with  Things  certain,  Thingst 
taken  upon  Prefumprion  with  Things  found  hf 
Experiment,  Things  obfcure  with  fudn  as  are  ma« 
nifeft,  and  true  Things  with  falle.  Their  Profef^ 
fors  propofe  all  Things  to  themfelves  to  be  exa* 
mined,  explained,  and  decided,  according  to  what 
diey  know  and  what  they  do  not  know :  And 
when  they  cannot  bring  certain  Reafons,  they  pn>- 
duce  any  lUndof  Conje6ture,  di%uifed  under  beau- 
tiful Colours,  ofbier  divining  than  demonfbating. 
In  fine,  they  plead  with  all  their  Eloquence,  as  for 
their  Properties  ;  and  what  they  can't  prove,  they 
endeavour  to  perfuade. 

But  I  am  afraid  you  will  begin  to  grow  Weary 
with  the  Length  and  Prolixity  of  this  Compan- 
fon.  From  whence  notwithftanding  it  may  in 
fome  Sort  appear  what  Method  of  Demonftration 
is  uled  by  Mathematicians ;  which  is  fuch,  thac 
they  only  take  thofe  Things  into  Conlideration,  of 
which  they  have  clear  and  diftinfb  Ideas,  defigning 
them  by  proper,  adequate  and  invariable  Names,  and 
premifing  only  a  few  Axioms  which  are  mofl:  noted 
and  certain  to  invdtigate  their  AfFeftions  and  draw 
Conclufions  firom  them,  and  agreeably  laying  down 
a  very  few  Hypothefes,  fuch  as  are  in  the  higheft 
Degree  confonant  to  Reafon  and  not  to  be  denied 
by  any  one  in  his  right  Mind.  In  like  manner 
they  affign  Generations  or  Caufes  eafy  to  be  un« 
demood  and  r^ily  admitted  by  all ;  they  pre- 
ierve a  moft  accurate  Order,  every  Propofition 
umncdiately  following  from  what  is  fuppofed  and 

(;x;s«.I.  Qa.  Na%  . 
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proved  before,  and  rcjecl  all  Things  howfoever 
fpecious  and  probable  which  cannot  be  inferred 
and  deduced  after  the  fame  manner. 

And  this  Kind  of  Argumentation  is  properly 
Vemmjirattvey  and  produces  the  moft  certain 
Knowledge  which  the  Mind  of  Man  is  capable  of: 
Such  as  none  can  either  deny  or  doubt.  For  if 
the  Premifes  be  fiich  as  no  Body  can  contradift 
or  make  the  leaft  Scruple  of,  and  if  the  Method 
of  drawing  the  Conclufion  be  alfo  lawful,  fuited 
according  to  the  infallible  Rules  of  Logic  \  what 
can  hinder  the  Inferences  fix)m  being  nece&rily  true, 
the  Difcurfus  ftx)m  being  jufUy  called  Demonftra- 
tianj  and  its  EffeSsy  (i,  e.  the  habitual  Knowledge 
lenuining  in  the  Mind)  to  merit  the  Name  of 
Science.?  But  yet  fome  both  have  been,  and  ftill 
are  fo  fubde  as  to  deny  that  the  Mathematics  arc 
truly  Sciences,  and  that  they  afford  true  Demon- 
firations  :  whofe  Reafons  we  will  conlider  in  the 
following  Ledurc. 


<Mx^ 


LECTURE   V. 

Containing  Anjwers  to  the  ObjeStions  which  are 
ufually  brought  againji  Mathematical  De^ 
mon/iration. 

HAVI  N  G  gone  thorough  what  I  had  to 
fay  concerning  the  Obje5i  and  Divtfton  of  the 
Mathematics,  I  began  in  my  lafl  Lefture  to  fpeak 
of  the  Mode  or  Manner  whereby  they  are  convcrfant 
about  their  Objeft.  To  illuflrate  which  in  fome 
meafure  I  thought  it  would  not  be  amifs  to  under- 
take a  G)mparifon  of  thefe  with  other  Difciplines. 
^d  hence  I  have  not  obfcurely  infmpated  from 
a  what 
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^^'hat  Fountains  the  Efficacy  of  a  Madiematical 
Difcurfus  flows,  aflerdng  its  Validity  by  wof  of 
ConfimuUion.  It  now  remains  on  the  other  Hand 
to  treat  by  way  of  Confutation^  i.  e.  to  bear  againft 
the  Aflaults,  oppofe  tne  Cavils,  and  remove  the 
Trifks  of  fiidi  as  impugn  the  Cerdtude  and 
Excellence  of  the  Mathemadcal  Way  of  Rea- 
Ibning. 

(y)  Ari/totle  ftUes  the  Mathematics  the  moft 
Accurate  Sciences.  He  afcribes  to  them  an  ExaS 
Method  as  their  peculiar,  and  everv  where  inti* 
mates  and  (iippoles  the  like ;  fo  that  I  do  not 
doubt  but  he  had  a  View  chiefly  to  thefe,  when 
he  formed  the  Dofbrine  of  Demonftration  which 
he  firft  delivered':  at  leaft  he  drew  moft^  of  his 
Examples  hence,  for  its  lUuftration  and  iConfir* 
mation.  Neverthelels  there  formerly  have  bem 
fuch,  and  that  not  long  ago,  (and  what  is  moft 
to  be  wondred  at,  among  the  Peripatetics  them* 
fdves  who  fubfcribe  to  the  Arijiotelian  Philofophy, 
and  would  be  thought  to  have  drawn  their  Opi- 
nions fix)m  Arijlotle  himfelf,  however  oppofite  he 
be  to  their  Sentiments)  who  have  not  (hick  to  deny 
the  Mathematics  to  be  truly  Sciences,  or  that  they 
afford  true  Demonftrations.  Among  the  Antients 
indeed,  befides  the  Pyrrhonians  and  the  EpheStici 
(who  equally  exploded  all  Science,  and  hardly  would 
be  brought  to  aflirm,  nay  feared  not  flatly  to  deny 
that  there  could  be  any  Certainty  in  any  Thing) 
befides  thefe,  I  fay,  the  Epicureans^  a  Soft  efpeci- 
ally  fpiteful  againft  the  Mathematicians,  endeavoured 
to  overthrow  their  Principles,  and  weaken  their  De- 
monfh^ions :  Pofidonius  is  faid  to  have  writ  a  whole 
Volume  in  Confutation  of  one  (z)  Zeno  a  Sidonian 
of  this  Seft.  And  fome  of  the  Moderns  tread  in 
the  fame  Footfleps. 

(j)  II.de  Codo  cap.  7.  Mctap.  I.  cap.  ult-        f  «J  Produs,  p.  5  J? 

F  a  Though 
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Though  I  think  it  not  worth  the  while  to  fpend 
much  Subtilty  in  refuting  the  Cavils  of  thofe  who 
fport   with  other  Men's  Arguments    and  put  no 
Confidence  in  their  own  (who  are  truly  Heretics, 
or  t^erfons  felf-condennncd)  yet  however  I  will  ex- 
amine one  or  two  of  their  principal  Reafons.     Ftrji 
then  they  urge  that  there  can  be  no  Demonftration, 
but  what  proceeds  fi-om  Principles  univerfally  true ; 
which  kind    of  Principles,   as  Arijiotle    himfelf 
teftifies,  can  be  known  no  otherwife  than  by  an 
Induftion  of  Particulars.     But  the  univerfal  Truth 
of  Propofitions  cannot  be  gathered  by  Indii£tion, 
both  becaufe  all  the  Particulars  cannot  be  reckoned 
over  (as  being  infinite  or  indefinite  in  Number) 
and    becaufe   Induftioh   depends    upon  a   Senfe, 
which  in  moft  Cafes  is  deceitful  and  liable  to  Error, 
Therefore  there  is  no   firm  Foundation  at  all  for 
Demonftration.       To    this     principal  Argument 
("which  yet  ftrikes  not  againft  the  Certitude  of  the 
Mathematics  only,  but  of  all   Science  in   general) 
I  anfwer  by   afking  this  ferious  Queftion  of  the 
Objeftors,    and    prefling   it  home  to  their  Con- 
fciences  ;   whether  they  cannot  clearly  perceive, 
and  are  not  moft  fully  perfuaded,    that   if  equal 
Sluantities  be  fubtracled  from  equal  ^anliliesy  the 
Remainders  will  be  equal.     If  they  fay,  they  can't 
firmly  affent  to  the  Truth  of  this  Propofition,  but 
are  doubtful,    and   afraid  of  being    deceived  by 
trulting  to  it,  they  mull  feem  to  all,  and  even  to 
themfelves,  whether  they  will  or  no,  as  Fools  or 
Madmen.     But    if  they  cannot    refufe  or  avoid 
giving  their  Aflent  to  this  Truth,  then  they  muft 
needs  have  a  certain  Knowledge  of  it  ;   for  what 
elfe  fignifies  a  Certainty  of  Knowledge,  but  that 
the  Thing  known  feems    evidently  true   to   the 
Mind  of  the  Knower,    fo  that  all  dread  of  the 
contrary  is  entirely  excluded  }  It  may  be,  you  will 
enquire  by  what  Means  this  Certitude  comes,  or 

how 
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how  it  is  gotten.  I  anfwer,  by  whatlbever  Way 
the  certain  Knowledge  of  Axioms  is  acquired,  whe- 
ther by  Induftion  and  manifold  Experience,  or  it 
arifes  from  the  natural  Notions  of  the  Mind,  or 
whatfoever  other  Way  it  is  attained ;  it  is  fufficient 
that  we  are  intimately  confcious  of  it,  and  find  it 
imprefled  upon  the  Mind  in  an  indelible  Charac- 
ter :  For  we  arc  not  diiputing  about  the  manner 
of  acquiring  Knowledge,  or  the  Origin  of  Certi- 
tude ;  but  about  the  Thing  itfelf,  whether  or  np  it 
be  had.  Perhaps  I  am  ignorant  of  die  Manner  of 
perceiving  by  my  Senfes,  but  do  I  not  therefore 
Ice  what  is  before  mine  Eyes  ?  Do  not  I  hear 
what  ftrikes  my  Ears,  nor  touch  what  is  in  my 
Hands  ?  So  certain  am  I  of  the  Truth  of  this  Pro- 
pofition  5  certain,  I  lay,  by  the  irrefragable  Tefti- 
mony  of  my  own  Breaft  :  and  in  like  manner  you 
are  zXio  certain,  whatever  you  may  pretend  to  the 
contrary :  (a)  It  does  not  follow  (iays  Jriftotle) 
that  what  a  Man  fays j  be  alfo  thinks  :  But  how, 
or  by  what  Means  this  Certainty  comss  is  not  equally 
known,  nor  does  it  matter  much  whether  it  be 
known  or  no.  The  certain  Knowledge  of  the 
Thing  may  however  be  fome  Difcovery,  while  we 
are  enquiring  and  contending  about  the  Manner  of 
attaining  that  Certainty. 

Neverthelefs  in  fome  Sort  to  gratify  thefe  Ob- 
jectors Importunity,  let  us  confider  a  little  the 
Manner  of  arriving  at  this  Certainty.  About 
which  in  the  firft  Place,  I  will  affirm  nothing  of 
Connate  Notions^  a  Queftion  that  would  require 
a  larger  Diflertation,  and  carry  me  farther  from 
my  Defign,  than  I  am  willing  to  go  :  I  only 
take  Notice  that  if  it  be  true  which  many  Philo- 
fophers  of  no  fmall  Note  do  earncftly  contend  for, 

(^)  Arift,  adv.  Haaclit.  ia  Met* 

F  3  (viz. 
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{viz.  the  Platonifts  and  Stoicks)  that  fuch  natural 
Thoughts,  original  Notions,  or,  as  (b)  Maximus 
Tyrius  calls  them.  Seeds  of  TCrutb  are  implanted 
in  our  Minds  by  Nature  ;  againft  whofe  Light 
we  cannot  fhut  our  Eyes,  nor  refift  their  Force :  I 
lay,  if  this  be  fuppoled,  then  the  Thing  is  done, 
and  the  Mediod  whereby  we  arrive  at  Certainty 
will  eafily  appear,  fince  all  the  Certainty  we  have 
is  by  die  intedlible  Guide  and  Inftinft  of  Nature 
alone :  The  Author  of  our  Being  gives  us  the 
Principles  of  Knowledge  all  at  once,  as  foon  asi  we 
cxift ;  fo  that  we  yield  our  Affent  to  thefe  Primary 
Notions  no  otherwile  than  as  a  Stone  drops  to  the 
Ground,  as  the  Sun  darts  forth  its  Light,  and  the 
Fire  feeds  upon  its  Fewel.  But  pafling  by  this 
Method  of  attaining  Certainty^  let  us  proceed  to 
others,    if  any  there  be. 

The  Senfe  then,  when  right  and  perfeft,  as  it  is 
naturally  in  moft  Men  of  a  found  Conftitution,  dif- 
cems  many  Objefts  certainly.  Ex.  gr.  fuch  as 
theie.  The  Sun  nowjhines  ;  This  Man  is  Jianding 
hy :  to  doubt  which  would  rather  feem  the  Part  of 
an  impertinent  Trifler  than  a  fage  Philofopher  ;  of 
one  playing  both  with  himfelf  and  others,  or  of 
one  who  both  wrongs  his  own  Confcience  and  op- 
pofes  the  Authority  of  all  befides  f for  every  one 
gives  a  moft  firm  Aflent,  and  full  Acquiefcence  of 
Mind  to  the  Perceptions  of  Senfe)  -,  nay  1  may  fay 
of  one  unjuft  and  ungrateful  to  Nature,  derogating 
either  fi-om  its  Goodnefs  or  Power;  as  if  it  either 
would  not,  or  could  not  make  us  capable  of  cer- 
tainly comprehending  the  Truth,  but  had  rather 
keep  us  involved  in  perpetual  Darknefs,  Uncer- 
tainty and  Error.  Arijlotle  on  the  contrary  will 
have  it   to  be   the  Property  of  Senfe^  That  it  is 

(h)  Diflcrt.  28. 

always 
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ciivays  true^  and  is  inherent  to  all  UvingCreati{rei(c), 
Neverthelefe  I  cannot  wholly  deny,  but  Senfe  is 
fomecimes  deceitful  and  the  Caufe  of  falfe  Judg* 
ment  (indeed  fometimes  neceffarily  and  inevitably), 
when  it  is  either  ill  <Hfpored  and  contrary  to 
Nature,  or  when  the  Objefts  are' not  fuitably  re- 
^prefented.  But  for  a  Perfon  ferioufly  to  grant, 
that  the  Senfe  never  certainly  attains  its  End,  that 
it  never  exhibits  to  the  Mind  the  Species  of  the 
Things  objeded,  fo  as  to  take  away  all  Poffibility 
of  judging  felfly  by  relying  upon  its  Teftimony  5 
What  is  this,  but  as  was  juft  now  faid,  to  be 
gravely  mad,  to  offer  Violence  to  ourfelves,  and 
difparage  our  Nature  ?  He  argues  much  better  in 
(d)  Cicero^  who  hysj^be  Judgments' of  the  Senfesare 
fo  clear  and  certain^  that  were  it  in  our  Choice^  and 
God  demanded  of  us  whether  we  were  content  with 
Senfes  perfeSt  and  uncorruptj  or  we  required  fome^ 
thing  better  J  I  can*  t  fee  what  we  can  feek  farther. 
Thegreateft  "truth  is  in  the  SenfeSy  when  they 
are  found  and  perfe5lj  and  all  Objlacles  and  Impe^ 
diments  removed  out  of  the  ff^ay.  To  which  Senti- 
ment every  one  agrees  in  Thoughts,  whatfoever  he 
may  profefs  in  Words. 

But  you  will  fay.  How  fhall  I  know,  how  fhall  I 
diftinguilh  whether  all  Things  be  rightly  iuited  for 
Senfation  or  no?  I  anfwer,  there  is  no  need  for 
you  to  know  or  diftinguilh  thefe  (e)  Things,  fince 
you  will  be  neceflarily  convinced  by  the  Evidence 
of  the  Thing  itfelf,  and  forced  to  yield  your  Af- 
fent  whether  you  will  or  no,  by  the  Impulfe  of 
Nature.  But  you  will  return,  I  am  oftentimes 
deceived  by  my  Senfes-,   (/)  as  when  I  fenfibly 

(c)  Lib.  3.  de  Anima.  cap.  3.^  ^  (J)  In  LucuUo. 

fe)  'Ai»  ya'ip   if<»  ffffwflu  irpi?   to»  i{«  Xflyw  •   StXXa  srf«;  to»  ivm 
?^ym  mm  ««'.  I.  Poft.  cap.  lo.  ^      (f)  ^  V^""**  w« 
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ccrcdve  fliat  die  Colours  of  the  Rainbow  are 
real,  that  an  Oar  is  bent  in  die  Water,  that 
the  Sun  is  a  litde  Thing  nigh  at  hand,  and  that 
a  Square  Figure  placed  at  a  Diftance  is  round. 
Be  it  fo,  notwithftanding  abfolutely  fpeaking  you 
have  a  right  Perception  of  fuch  Things,  viz.  diat 
the  Rainbow  appears,  that  an  Oar  is  in  the  Wa^ 
ter,  that  the  Skin  fliines  upon  you,  and  that  a 
Thing  appears  round ;  but  it  does  not  belong  to 
Senfsy  but  to  Reafen^  to  difcem  the  relative  De- 
terminations of  Magnitude,  Diftance  and  Figure  : 
Your  Error  therefore  in  thefe  Things,  whatfoever 
it  bet  ought  to  be  imputed  to  this,  and  not  to 
that.  I  might  explain  thefe  Things  better,  and 
more  fully,  but  I  am  unwilling  to  immerfe  my 
felf  deeper,  and  wander  farther  from  my  Purpofe  in 
a  Queftion  altogether  Philofophical.  Let  it  fuffice 
that  it  may  be  taken  as  a  fixed  and  eftablifhed 
Truth,  a  Truth  granted  and  fincerely  embraced 
on  all  Hands,  that  fome  Things,  though  not  all, 
are  perceived  and  judged  of  righdy  by  Senfe. 

But  what  if  I  afTert,  that  the  Mind  of  Man, 
if  righdy  difpofed  (and  not  out  of  Tune,  as  in 
Ideots  and  Mad  People),  is  by  its  native  Faculty 
able  tQ  difcern  univerfal  Propofitions,  in  the  lame 
manner,  as  the  Senfe  docs  particular  ones  ?  i.  e.  as 
the  Truth  of  thefe  Propofitions,  Socrates  exijisj  An 
Eagle  flies^  Bucephalus  runs^  is  immediately  per- 
ceived and  judged  of  by  the  Senfe  -,  fo  thefe. 
Contradictory  Propofitions  cannot  be  both  true^  What 
'begins  to  exiji  has  its  Rife  from  another  ;  Action  ar- 
gues that  a  Thing  exijis,  (or  as  it  is  vulgarly  exprcf- 
fed,  A  ^ing  that  is  not^  alls  not)  and  fuch  like 
Propofitions,  which  the  Mind  direaly  contemplates, 
and  finds  to  be  true  by  its  native  Force,  without 
any  previous  Notion  or  applied  Reafoning :  Whiqh 
Method  of  attaining  Truth  is  by  a  peculiar  Name 
(tiled  Intelle£liony  and  0ie  Faculty  pf  attaining  it 
I  the 
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die  IfUeUe£l.     And  what  hinders  but  the  Principles 
of  Mathematical  Demonftration  may  be  perceived 
by  ilich  a  Faculty  ?    But  you  will  fay,  Ariftotle 
teaches,   that  the  Truth  of  all  univerfal  Propofi- 
tions,   even  oi  firft  Principles  themfelves  are  no 
otherwife  had  than  from  Induftion.     For  thus  he, 
(g)  It  is  mamfeji  thatfirji  Principles  are  known  to 
us  hy  InduSlion  -,  for  the  Senfe  operates  thus  univer* 
folly.    And  again  more  exprefly  in  his  {b)  Ethics 
to  Nicomacbusj  ^erc  arefome  Principles  from  whence 
a  Ratiocination  proceeds^  of  which  there  is  no  Ra* 
tiocination\    thefe  are  therefore  bad  hy  InduSlion. 
To  which  agree  thofe  Expreffions  taken  from  the 
fame  Author,  That  nothing  is  in  the  IntelleSl  which 
was  notfirft  in  the  Senfe.    The  IntelleSl  is  as  afmootb 
cr  unwritten  Table.     To  which  may  be  referred 
fuch  Sayings  as  thefe,  found  in  him,  (i)  Nothing 
can  be  kriown  without  Imagination.     He  toat  has  no 
Senfation    can  neither  learn  nor  know  any  Thing. 
From  which  it  appears  that  according  to  Ariftotle^ 
the  Principle  of  all  Science  depend  wholly  upon 
the  Teftimony  of  the  Senfes  and  particular  Expe- 
riments :  Which,  if  granted  to  be  true,  then  jR:arce 
any  human  Reafon  can  be  fuppofed  to  come  up  to 
ftrift  Certainty,  or  even  arile  above  a  probable 
Conjefture.    But  where  any  Propofition  is  found 
agreeable  to  conftant  Experience,  efpecially  where 
it  feems  not  to  be  converfant  about  the  Accidents 
of  Things,  but  pertains  to  their  principal  Proper- 
ties and  intimate  Conftitution,  it  will  at  Icaft  be 
moft  fafe  and  prudent  to  yield  a  ready  Aflent  to  it. 
For  as  we  are  juftly  accufed  of  a  rafh  Temerity, 
by  fuffering  ourfelves  to  be  fo  much  as  once  de- 
ceived by  our  Faith,  fo  are  we  guilty  of  the  great- 
eft  Imprudence,  if  we  fhew  the  leaft  Diftryft,  and 

(g)  n.  Anal.  Poft.  cap.  ult.  (h)  Lib.  VI.  cap.  3.' 

(i)  JLib.de  Mem.  «.  i.    Lib.  HI.  de  AniWy  c.  8. 
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do  not  yidd  our  ftedfaft  Aflent  and  obftinately  ad- 
here, when  we  ftill  find  our  Expcftarions  moft  ac- 
curately anfwered,  after  a  thouiand  Refearches  ;  and 
cfoecially  when  we  have  the  conftant  Agreement  of 
Nature  to  confirm  our  Aflent,  and  the  immutable 
Wifdom  of  the  firft  Caufe  forming  all  Things  ac- 
cording to  fimple  Ideas,  and  dircfting  them  to 
certain  Ends :  Which  Confideration  alone  is  almofl: 
lufficicnt  to  make  us  look  upon  any  Propofition  con- 
firmed with  frequent  Experiments,  as  univerially 
true,  and  not  lufpe£t  that  Nature  is  inconltant, 
and  the  great  Author  of  the  Univerfe  unlike  hira- 
fclf.  Nay  fomcrimes,  from  the  Conftancy  of  Na- 
ture, we  may  prudcndy  infer  an  univerfal  Propofi- 
tion even  by  one  Expenment  alone,  as  (k)  Artftotle 
obferves  and  confirms  by  a  moft  appofite  Ini^ce. 
Fortnight  we  (fays  he)  difcernfome Things  with  our 
Eyes^  all  Doubt  would  be  taken  away  \  not  thai  to 
perceive  a  Thing  with  the  Eyes  is  to  know  ity  hut 
hecaufe  the  Conformity  of  the  whole  Kind  arifesfrom 
the  Senfe  of  Seeing,  uhus  could  we  difcern  the 
very  fmall  Pores  of  Glafs,  and  the  Light  pajjing 
through  theniy  it  would  be  manifeji  to  us  wiy  Glafs 
is  transparent  J  hecaufe  feeing  the  like  in  dijfferent 
Clafsj  we  would  immediately  conclude  the  fame  of 
alL  Whence,  to  apply  thefe  Things  to  our  Pur- 
pofe,  he  that  withholds  his  Affent  from  the  Prin- 
ciples of  Mathematics,  even  in  this  Rcfpeft,  can- 
not avoid  the  Imputation  of  extream  Folly  and 
Madnels :  And  furcly  there  is  no  farther  need  of 
any  Thing  to  demonftrate  the  Efficacy  of  a  Mathe- 
matical Difcurfus,  than  the  Convidtion  of  all  but 
Fools  and  Madmen. 

But  fetting  afide  all  Authority,  after  a  due  Exa- 
mination, we  have  no  Reafon  to  own,  that  the 
Principles  of  Mathematics  depend  only  upon  In- 

('i;  I.  Poft  Anal.  c.  25. 
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du6tk>n  or  the  confiant  Tcftimony  of  Senfi.  For 
firft  it  may  be  notecU  that  if  we  afk  any  one,  why 
he  believes  any  Madiematical  Axiom  to  be  true, 
I  imagine  he  will  not  anfwer,  becaufe  he  has  often 
Cot  and  obfcrved  it  to  have  happened  fo ;  but  he 
will  profe&  himfelf  igndrant  of  the  Caufe  why  he 
believes  it,  and  yet  that  he  firmly  does  believe 
it:  Which  is  a  plain  Difcovery  that  the  Affent 
given  to  the  Mathematical  Axioms  is  ibme  other 
Way  derived  than  from  the  Senfe.  Secondly^ 
It  mav  be  noted,  that  moft  Things  in  Mathema- 
tics^  thoi^h  the  Occafion  of  contemplating  them 
be  taken  from  Senfify  yet  do  not  imniediately  and 
dircftly  occur  to  the  Senfesy  but  their  Exiftenceand 
Quali^  is  inferred  and  underftood  from  the  Reafofi 
alone«  For  who  did  ever  fee  or  perceive  by  the 
Senfe  an  exa£l  Right  Line  or  a  perfe£l  Circle  ? 
Who  at  any  time  has  had  the  Senfe  of  any  two 
Things  compleady  agreeable  or  equal  to  one  an- 
other ?  So  6r  are  we  from  finding  the  Attributes 
of  thefe  Things  by  Senfe,  or  gathering  the  univer- 
iai  Propofitions  from  thence  wherein  the  Attributes 
are  annexed  to  the  Things.  By  Senfation  indeed 
(i.  e.  by  one,  not  many^  may  be  deduced  the  Pof- 
(ibility  of  Mathematical  Hypothefes  :  Thus  ex.  gr. ' 
we  know  that  a  Right  Line  can  be  drawn  between 
two  afligned  Points ;  becaufe  we  perceive  by  the 
Senfe,  how  a  Progrefs  may  be  made  from  one 
Point  to  another,  wherein  if  there  be  any  Un- 
cvennels  or  DefledHon,  it  can  be  fo  far  reftified 
by  the  Hand  as  to  make  a  Line  fenftbly  Right  ; 
from  whence  we  infer  by  our  Reafon,  there  being 
no  Repugnance  on  the  Part  of  the  Thing,  that  all 
other  Roughnefs  and  Exorbitances  may  be  pared  off 
and  correfted,  and  fo  the  Line  become  perfectly 
Right.  And  by  the  fame  Reafon,  one  fenfible 
Obfcrvation  alone  may  fufliciently  atteft  that 
every  Magnitude  treated  of  by  Mathematicians  is 

capable 
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capable  of  a  real  Exiftence  ;  and  diere  is  no  need 
of  a  long  Day  to  teach,  but  one  only  Difcovery 
of  Senfe  will  abundantly  evince,  that  all  Mathe- 
matical Hypothefes  are  poffible,  that  Magnitudes 
can  be  compofed,  divided,  moved,  fill  Space,  fcfr. 

And  here  by  the  Way  we  may  take  notice  of 
their  Opinion  who  will  have  Mathematical  Figures 
to  have  no  other  Exiftence  in  the  Nature  of  Things 
dian  in  the  Mind  alone.  And  it  is  wonderful  tt> 
me  that  this  Opinion  fhould  be  embraced  by  Per- 
fons,  who  zxt  otherwife  moft  excellently  (killed  in 
the  Mathematics :  Among  whom  we  may  reckon 
(/)  Blancanusj  whofe  Words  are  thefe  •,  Though 
JMatbematical  Beings  have  no  real  Exiftence\  yet 
hecaufe  their  Ideas  ao  exiji  both  in  the  Divine  and 
Human  AGndy  as  the  moji  exaif  Types  of  Things j 
therefore  the  Mathematician  treats  of  thofe  Ideas 
which  of  themfelves  are  primarily  intended^  and  are 
true  Beings.  And  of  the  fame  Sentiment  is  [m)  Vof 
ftus.  There  is  not  any  Sphere  (fays  he)  in  the  Na- 
ture of  Things  that  only  touches  in  a  Point  •,  for  it 
always  with  fome  Part  of  its  Superfice  touches  the 
fuhjeSled  Plane  in  a  Une^  as  {n)  Arijlotle  Jhews 
Protagoras  to  have  ohjeiled  againft  the  Geometrici- 
ans. Which  Sentiment  notwithftanding  is  abfo- 
lutely  falfe,  and  eafy  to  be  refuted  from  the  fore- 
going Difcurfusy  and  what  is  moft  oppofite  to  it 
ieems,  in  my  Opinion,  to  be  moft  true  ;  viz. 
That  all  imaginable  Geometrical  Figures  are  really 
inherent  in  every  Particle  of  Matter,  I  fay  really 
inherent  in  Faft  and  to  the  utmoft  Perfedtion, 
though  not  apparent  to  the  Senfe  -,  juft  as  the  Effi-- 
gies  of  Cafar  lies  hid  under  the  unhewn  Marble, 
and  is  no  new  Thing  made  by  the  Statuary,  but 
only  is  difcovered  and  brought  to  Sight  by  his 

fl)  libro  de  NaUmt  Mathem.  p.  7.  fm)  V^iPSui 

de  Mathem*  p.  4.  (n)  I.  Metaph.  cap.  z. 
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Workmanfhip,  i.  e.  by  removing  the  Parts  of 
Matter  which  involve  and  overfhadow  it.  Which 
made  A^cbael  Angelus^  the  moft  famous  Carver, 
lay,  ^tbat  Sculpture  was  nothing  elfe  but  a  Purgation 
from  Things  Jiiperfluous.  For  take  all  that  isfuper- 
fiuous  flays  he)  from  the  ff^ood  or  Stone^  and  the 
reft  will  oe  the  Figure  you  intend.  So  if  the  Hand 
of  an  Angel  (at  Icaft  the  Power  of  God^  Ihould 
diink  fit  to  polilh  any  Particle  of  Matter  without 
Vacuity,  a  Spherical  Superfice  would  appear  to 
the  Eyes  of  a  Figure  exadly  round ;  not  as  created 
anew,  but  as  unveiled  and  laid  open  from  the 
Difguifes  and  Cbvers  of  its  circumjacent  Matter. 
Nay  I  will  go  farther  and  affirm  that  whatlbever 
we  perceive  widi  any  Senfe  is  really  a  Mathenu- 
tical  Figure,  though  for  the  moft  part  irregular } 
for  there  is  no  Reafbn  why  irregular  Figures  Ihould 
cxift  every  where,  and  regular  ones  can  exift  no 
where.  Moreover  if  it  be  liippofcd  (viz.^  that 
Mathematical  Things  canned  exift,  there  will  alio 
be  an  End  of  thofe  Ideas  or  Types  formed  in  the 
Mind,  which  will  be  no  more  than  mere  Dreams 
or  the  Idols  of  Things  no  where  exifting. 

But  having  not  Leifure  to  handle  this  <>^ion 
more  largely,  let  us  again  return  from  this  DigreC- 
fion  to  our  Enquiry  concerning  the  Manner  of 
attaining  the  certain  Knowledge  of  Mathema- 
tical Axioms ;  about  which  we  Ihall  note,  in  the 
third  and  laft  Place ;  That  the  Truth  of  certain 
Propofitions  do  neither  appear  from  the  immediate 
Intuition  of  the  Mind,  nor  the  frequent  Obfervation 
of  Senfe  nor  yet  from  any  fuppofed  primary  or  ori- 
^nal  Notions,  but  is  deduced  by  a  certain  implicit 
and  as  it  were  virtual  Difcurjusj  of  kin  to  an 
intuitive  Notion,  either  from  the  declared  Significa- 
tion of  the  Terms  themfelves,  or  from  the  fuppofed 
Generation  of  the  Thing,  which  is  manifeftly  pof- 
liblc  and  agreeable  to  vk  Suffrage  of  the  Senfe  : 
~  -       Which 
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Which  feems  to  be  the  Cafe  in  moft  Mathematical 
Axioms. 

Ex.  gr.  The  Confequence  feems  to  be  fufficiently 
evident,  72?^/  a  ff^btde  is  greater  than  its  Party  or 
that  a  Part  is  leffer  than  its  Whole^  from  the  pro- 
per Signification  which  is  underftood  of  the  Words 
Whole  and  Part^  Greater  and  Leffer.  For  by 
greater  than  another  is  denoted  that  which  contains 
another,  or  has  fbmething  befide  what  is  equal  to 
that  other  :  by  leffer  than  another  is  meant  that 
which  itfelf,  or  its  equal,  is  fo  contained  in  an- 
other that  fomething  remains  befides.  But  a  Jf^hole 
more  ftri6Uy  defigns  that  which  contains  another 
andfomethii^  more ;  a  Part^  that  which  is  fo  con^ 
tained  in  another^  that  if  it  be  taken  from  that  other 
fomething  will  remain  truer  and  above.  Whence  it 
appears  that  Greater  in  rcfpeft  of  Whole^  and  Lef- 
fer in  refpeft  of  Part^  is,  by  the  Signification  of 
the  Words,  as  the  Genus  to  its  Species,  or  as  a 
more  univerfal  Term  to  one  lefs  univerfal,  and 
confequently  it  is  rightly  predicated  according  to 
the  imllible  Rules  of  Logic,  that  a  Whole  is  a 
greater  Things  and  a  Part  a  leffer  Thing.  {p\  In 
the  fame  Sort  it  will  prefently  appear  from  the  No- 
tion of  Equality,  ^at  Magnitudes  which  are  equal 
to  the  fame  *I'bird  are  equal  to  one  another.  As  if,  with 
Apollonius  and  certain  others  (p)  that  be  fuppofed 
to  defign  a  Thing  equal  to  another,  which  being 
compared  with  another  will  entirely  agree  with  it, 
I.  e.  will  fill  the  fame  Space  and  occupy  the  fame 
Place  ;  from  whence  will  follow  the  faid  Axiom 
by  a  peculiar  Quicknefs  with  the  moft  fpeedy  Im- 
pulfe  of  Mind,  and  as  it  were  inftantaneous  Dif 
curfus.  For  fuppofing  that  any  Magnimde  A  do 
.fill  the  Place  X,  and  moreover  that  the  Magni- 
tude B  is  equal  to  A,  and  becaufe  of  the  fuppofed 

(0)  Apud  Produm,  p.  54*  (p)  Hobb.  in  Philof. 
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Signification  of  Equality,  does  fill  the  ianiK  Place 
X  I  alio  that  the  Magnitude  C  is  eoual  to  A,  and 
conlcquendy  does  in  Uke  Manner  fill  the  Place  X  ; 
then  becaufe  it  is  fhewn  that  B  and  C  do  fill  the 
lame  Place  X,  therefore  B  and  C  will  be  equal 
firom  die  faid  prefuppofed  Definition  or  Signification 
of  Equality.  The  certain  Knowledge  inde^  of 
that  Axiom  might  depend  upon  luch  a  Difcurfus^ 
but  the  Mind  difcovers  it  with  no  Trouble,  and 
as  it  were  virtually  rather  than  explicitely  j  which 
Diicurfus  Proclus  blames  that  moft  famous  Geo- 
metrician AfoUonius  for  having  invented,  yet  fi> 
that,  were  it  worth  the  while,  and  Opportunity 
perimtted,  it.feems  no  Difiiculty  tovmdicate  that 
great  Man  from  Cenfure. 

Whence  it  may  be  noted  by  the  Way,  that  the 
Truth  of  moft  Axioms  may  be  relblved  into  the 
Definitions  <»*  Explications  of  the  Terms  or  Words 
whereby  they  arc  exprefled  (being  gathered  as  Po- 
rifmata  fi'om  them  by  a  certain  eafy  and  tacit  Ra- 
tiocination^ ;  which  Definitions  Geometricians  are 
yet  wont  to  negleft  by  Reafbn  of  their  too  great 
Evidence  :  ^e  Signification^  fays  (q)  Arijlotlcj  of 
taking  equal  Things  from  equals  is  not  explained^  he* 
ccuife  known. 

After  the  fame  Manner  feme  Principles  may  be 
deduced  by  an  implicit  Difcurfus,  fix)m  the  fup- 
pofed  Generation  of  the  Subjedt.  As  fuppofe  a 
Circle  to  arifc  from  the  drawing  about  of  a  Right 
Line,  one  of  its  Extremes  remaining  fixed  which 
is  fliled  the  Center  -,  hence  is  immediately  inferred 
that  Axiom  with  fcarce  any  Axiom  at  all  of  the 
Mind,  That  all  Right  Lines  drawn  from  the  Center 
of  a  Circle  to  its  Circumference  are  equal.  Alfb 
from  the  fuppofed  Generation  of  a  Right  Line,  we 
feem  to  gatner  (Y\]fii^  Perfons  ignorant  of  it  befere) 

(i)  I.  AiuU.  Poft  c.  2. 

that 
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lb(U  all  Bight  Lines  do  interJeH  or  cut  one  another 
in  only  one  Point.  As  when  the  Right  line  A  B 
is  indefinitely  produced  till  it  cut  the  Line  £  Ft 
JCcan  onlv  cut  it  in  the  Point  JE.  (Fio.  II.)  There 
is  no  neecl  of  learning  thefe  Principles  any  other- 
wile,  dian  from  the  Definitions  or  Explications  of 
die  Words.  But  we  have  faid  enough  in  anfwer 
to  the  grand  Argument  by  which  our  Adverlaries 
endeavour  to  overthrow  the  Certitude  of  Mathema* 
deal  Demonftrarions ;  which  Controverfy  I  dole 
up  with  the  Words  of  LucuUus  in  Cicero.  As  the 
Scale  of  a  Balance  is  deprejfed  by  impojing  Weigbts 
into  ity  fo  muft  the  Mind  necejfarily  yield  its  J^ent 
to  ^ings  clear  in  tbemfelves. 

But  thofe  who  fiudy  to  detraft  not  from  the 
Certitude  and  Evidence^  but  from  the  Dignity  and 
Excellence  of  the  Mathematics  do  bring  another 
Device.  For  they  attempt  to  prove  that  Mathe- 
matical Ratiocinations  are  not  Scientific^  Cafual 
and  PerfeS^  becaufe  the  Science  of  a  Thing  f^gni- 
fies  to  know  it  by  its  Caufe  ;  accordmg  to  that  Say- 
ing of  Ariftotle  ;  JVe  are  fuppofed  to  know  by  Sci^ 
enccy  when  we  know  the  Caufe.  And  to  ufc  the 
Words  of  Pereriusj  who  was  no  mean  Peripatetic, 
A  Mathematician  neither  confiders  the  Effence  of 
^antityy  nor  treats  of  its  AffeHionsy  as  they  flow ' 
from  fuch  Effence^  nor  declares  them  by  the  proper 
Caufes  by  which  they  are  in  ^antity^  nor  forms 
their  Demonftrations  from  proper  and  ejfentiaij  but 
from  common  and  accidental  Predicates,  Thus  they. 
To  which  I  anfwer,  that  thofe  fcientific  Conditions, 
which  Ariftotle  prefixes  to  Demonftration,  who  was 
xnofl:  obfervant  of  its  Laws,  do  moft  fidy  agree 
with  Mathematical  Ratiocinations.  For  firft  he 
requires  that  the  Premiflb  be  Univerfally  and  Necef 
farilytrue:  And  what  Neceflity  can  be  thou^t 
ftronger,  than  that  which  Mathematical  Axionr^ 
pretend  to,  whole  Truth  i$  eternal  and  unchanged 
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aWe  ?  Secondlyy  he  wills  them  to  be  Primary  and 
,  ';  Immediate^  i.  e.  that  they  be  proved  by  xk>  pre- 

cedent Argument,  by  no  previous  Notion :  And 
\  who  does  not  fee  that  this  agrees  with  the  fame 

I-  Principles,  which  do  not  prove  but  affume  Things, 

d  as  felf-convincing  ?  Tbirdlyj  he  alfo  dirc6b  them  to 

I9C  be  More  Known  and  More  Evident  than  the  G>nclu* 

ncs  fions  inferred :  But  there  is  none  who  does  not  pre- 

nu-  fently  yield  his  Aflent  to  thefe,  as  foon  as  they 

iio&  are  heard  and  underflood  by  him  ;  and  they  are 

^^  alfb  more   known  than  the  Conclufions  deduced 

Sj^'  from   them,  becaufe,  if  we  ufc  a  lawful  Bifcurjia 

(f«  the  Truth  of  thcfc  appears  by  them.     Laftly^  he 

demands  diem  to  be  die  Caufes  of  their  0>nclufi* 
^  ons  -,  which  laft  Condition  may  be  accepted  two 

*^  Ways  :  Either /r^  only  as  they  contain  the  Reafon 

^  which  neceflarily  caufes  the  Conclufions  to  be  be- 

1^  lieved  as  true,  and  produces  a  certain  AlTent,  i\  e^ 

^  as  the  mean  Term  aflTumed  obtains  a  neceflary  Con- 

*^  nedion  with  the  Terms  entring  the  Conclufion  ; 

whence  arifes  that  which  is  called  a  Demonjiration 
tS  on  that  a  Thing  is :  or  fecondly  more flriftly,  as 
this  mean  Term  applied  is  more  than  a  neceflary 
Efic6t  and  certain  Sign,  i.  e.  as  it  is  a  proper  Caufe^ 
of  the  Attribute  or  Property,  which  is  predicated' 
of  the  Subjeft  in  the  Conclufion  ;  and  hence  is 
that  called  a  Caufal  Detnonftrationj  or  a  Demonjira^ 
tion  tS  *iot«  why  a  Thing  is.  But  there  is  no 
Reafon  to  doubt,  but  the  lafl  Condition  underflood 
in  the  former  Senfe  agrees  with  the  Premifies  of 
every  Mathematical  Syllogifm,  fihce  there  are  no 
fuch  Syllogifms,  which  do  not  mofl  flrongly  com- 
pel  the  Affent  •,  nor  does  this  follow  becaufe  the 
jPremiflb  are  neceflarily  true  (for  otherwife  they 
are  not  admitted  by  Mathematicians),  but  this  Ne- 
ceffiry  argues  that  there  is  an  efTential  Conneftion 
and  CauSl  Dependance  of  the  Terms  between 
diemfelvcs  in  which  it  is  founded,  becaufe  the  Ac« 

Q  cidcnta 
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cidents  may  be  feparated,  and  confcquently  the 
accidental  Predicates  are  only  attributed  to  the  Sub- 
jeft  contingently,  (r)  Things  EJfential  (fays  Ari- 
ftotle)  are  necejpirtly  in  every  Genus,  but  Things 
Accidental  are  not  necejfary  :  And  every  fuch  kind 
of  Argumentation  begetting  a  leffer  Degree  of 
Science  is  reckoned  a  more  low  and  ignoble  De- 
monjlration,  becaufe  it  fhews  a  Thing  to  be  fo  on- 
ly from  its  Effe5l  or  Sign,  not  from  its  Caufe  ; 
but  yet  this  moft  clearly  convinces  the  Mind,  and 
moft  validly  confirms  the  Truth.  There  is  there- 
fore no  Mathematical  Difcurfus  which  proceeds 
not  thus  fer.  But  that  the  forefaid  Condition  tsdcen 
in  the  latter  Senfe  does  alfo  agree  with  many  Ma- 
thematical Ratiocinations,  i,  e.  that  the  mean  Term 
affumed  in  them  has  the  Force  of  a  Caufe  in  Re- 
fpeft  of  the  Property  attributed  to  the  Subjeft  in 
the  Conclufion,  Arijlotle  is  our  firft  Author :  He 
who,  as  has  been  juft  now  faid,  moft  accurately 
knew  and  treated  largely  of  the  Nature  of  Dfemon- 
ftration,  and  confcquently  whofe  Authority  is  of 
the  greateft  Weight  in  this  Affair  -,  he,  I  fay, 
fetches  his  moft  clear  and  ftrong,  and  perhaps  his 
only  Examples  of  Caufal  Demonftrations  from  Ma- 
thematical Difciplines.  Ex.  gr.  he  brings  that  ce- 
lebrated Theorem,  wherein  it  is  demonftrated  that 
the  Angle  in  a  Semicircle  is  a  Right  one,  (s)  for 
an  Inftance  of  a  Demonjlration  from  the  Caufe 
both  material  and  formal,  (t)  And  comparing 
the  Mixed  or  Phyfeco' Mathematical  Sciences,  whkrh 
he  calls  Senfthle,  with  the  Pure,  he  fays  dius.  To 
know  that  a  Thing  is,  belongs  indeed  to  fuch  as  are 
converfant  in  the  fenfihle  Sciences,  but  to  underfiand 
^hy  a  Thing  is  pertains  to  thofc  that  are  fkiUed  in  the 
Pure,    (u)  And  again,  fpeaking  concerning  Syl- 

(r)  I.  Poft.  c.  6.         (s)  II.  Poft.  c.  1 1 .         (t)  I.  Poft. 
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logifms  of  the  firft  Figure.  The  Mathematical 
Sciences  (fays  he)  conclude  their  Demonftrations  in 
this  Figure^  and  in  brief  all  Sciences  that  enquire 
why  a  Thi^g;  isi  Where  he  fuppofes  the  Demon-* 
ftrations  of  Mathematics  to  be  efpecially  Caufal. 

But  fetting  all  Authority  afide  to  come  to  the 
Truth  of  the  Matter,  it  feems  plain  that  Mathe- 
matical Demonftrdtions  are  eminently  Caufal,  from 
whence,  becaufe  they  only  fetch  their  Conclufions 
from  Axioms  which  exhibit  the  principal  and  molt 
univerfal  Afteftions  of  all  Quantities,  and  from 
Definitions  wWch  declare  the  conftitutive  Genera- 
tions andeflential  Paflions  of  particular  Magnitudes* 
From  whence  the  Propofitions  that  arifc  from  fuch 
Principles  /iippoled,  niuft  needs  flow  from  the  in- 
timate EJfences  and  Caufes  of  the  Things.  But  I 
would  become  too  prolix  and  troublefome  to  your 
Patience,  if  I  fhould  now  go  about  to  explain 
more  diftinftly  how  Caufal  Demonftrations  do  arife 
from  Mathematical  Principles,  and  fo  finifh  the  re- 
maining Part  of  this  Difquifition,  I  therefore  referve 
it  till  hereafter. 


%%'m^ 


LECTURE    VI. 

Of  the  Caufality  of  Mathematical  Demon* 
Jtration. 

WE  have  treated  in  Part  concerning  the  Evi^* 
dence  and  Certainty  of  the  Mathematics  in 
the  laft  Lefture  ;  it  now  remains  that  we  Ipeak  of 
their  Dignity,  and  (hew  more  diftinftly  that  they 
arc  really  Scientific  and  Caufal^  and  after  what 
Manner ;  alfo,  that  we  anfwer  the  principal  Ob- 
jcftions,    that  our  Adverfaries  bring  againft  us. 

G  a  As 
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As  to  what  pertains  to  the  Manner  of  Caufality  wc 
may  take  notice  with  (x)  Arijtotle  that  there  arc  three . 
Things  to  be  confidered  efpecially  in  every  Demon- 
ftrative  Science  -,  viz.  jft.  The  SubjeSl  whofe  nc- 
ceffary  Affeftions  or  Properties  it  contemplate^ 
inveftigates,  or  demonftrates..  idly^  The  common 
Axiom  whereby  it  feeks  and  demonftrates  the  Af- 
fedlions  concerning  the  SuhjeS.  '^dly^  The  Affec- 
tions themfelves,  which  are  to  be  demonftrated  of 
the  Subject.  There  is  Nothing  that  occurs  very 
obfervable  concerning  the  SubjeSl  of  Mathematical 
Demonftrations,  linlefs,  as  we  (hall  explain  by  and 
by,  that  it  is  always  fome  Species  of  Magnitude 
which  is  fpecified^  determined  and  differenced  fix)m 
others  by  fome  reciprocal  Property ;  Ex.  gr.  a 
Right  Line,  an  Angle,  a  Triangle,  a  Circle,  a 
Cube,  a  Sphere,  (sfc.  are  Subjefts  of  Mathema- 
tical Demonftrations. 

But  concerning  the  AfFeftions  to  be  demonftrated 
1  bbferve  that  tliey  are  of  two  Kinds,  viz.  Common 
and  Proper.  Thofe  are  Common  which  agree  with 
their  Subjeft  f/(?f<^r/7v,  hut  not  folely^  as  being  alfo 
capable  of  being  truly  attributed  to  other  Subjedte. 
Thus,  it  is  the  Cominon  AffecTion  of  an  Ifofceles  "Triangle 
to  have  three  Angles  equal  to  two  right  ones  \  of  ^Square 
to  have  four  right  Angles  ;  of  the  Circumference  of 
a  Circle  to  be  cut  by  a  Right  Line  only  in  two  Point s\ 
for  it  happens  alfo  to  a  Scalene  Triangle  to  have 
three  Angles  equal  to  two  right  ones  \  and  to  an  oblong 
Parallelogram  to  have  four  right  Angles  -,  and  to 
innumerable  Curve  Lines  befides  the  Circumference 
of  a  Circle^  that  they  only  can  be  cut  in  two  Points 
by  a  Right  Line  ;  and  hence  it  is  apparent  that 
fuch  Affcftions  do  not  flow  from  the  particular 
Nature  of  their  Subjeft,  but  from  fome  more  uni- 
verlal  Reafon  s    and  that  they  agree  not  with  it 

(x)  I.  Pad.  c.  8. 
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immediately,   but   as  it  is  comprehended    under 
fomc  higher  and  more  extenfive  Genus  of  Magni- 
tude :  Moreover  fuch  AfFeftions  being  too  exten- 
five cannot  enter   the  Definition    of  a  particular 
Subgeft,  nor  fuffice  to  determine  it,  nor  can  it  fol- 
low that  the  Subjeft  is  fuppofed,  fi-om  fuppoCng 
diem.     But  proper  Affe£ftons  are  fuch  as  agree  with 
dicir  Subjeft  bcih  necejfarily  ixnAfolely^  i.  e.  they  do 
ft)  reciprocate  with  their  Subjeft,  that  if  they  be 
fiippoled,  it  is  alfo  fuppofed  of  Neceflity.     Thus 
it  is  the  proper  AfFeftion  of  a  Circle  among  all  Fi- 
gures to  have  equal  Radii^  and  every  Figure  that 
emits  e^ual  Radii  fi-om  the  Center  to  the  Perimeter 
or  Circumference  is  a  Circle.     So  alfo  it  agrees  with 
the  fame  Figure  that  if  any  Point  be  ajfunied  in  the 
Diameter^  and  a  Right  Line  he  ereofed  perpendicular 
to  the  Jaid  Diameter  meeting  the  Circu7nference,  the 
Square  of  the  intercepted  Line  is  equal  to  the  ReSl- 
angle  {or  ProduH)  of  the  Segments  of  the  Diameter^ 
or  which  is  all  one,  the  intercepted  Line  is  a  Mean 
Proportional  between  the  Segments  of  the  Diameter  : 
This,  I  fay,  agrees  with  a  Circle^  and  to  whatfoever 
Figure  diis  agrees,  that  is  a  Circle.     In  like  man- 
ner, it  agrees  with  a  Circle  that  every  two  Right 
Lines  that  can  bedrazvnfrom  the  Extremities  of  the 
Diameter  to  any  Point  in  its  Circumference   will 
make   a  Right  /ingle  -,  and  reciprocally  every  Fi- 
gure with  which  this  Affeftion  agrees  will  be  a 
Circle.     Thus  again,  it  agrees  interchangeably  with 
parallel  Right  Linesy   that  if  they  are  indefinitely 
continued  they  can  never  meet ;    that  ether  Right 
Lines  interfccling  them  do  fnake  the  alte?'nate  Angles 
equals  or  the  external  Angles  equal  to  the  internal 
ones^  or  the  internal  Angles  equal  to  two  right  Angles ; 
that  all  intercepted  Right  Lines    drawn   at   equal 
Angles  are  equal  to  one  another  ;  and  that  equal  i?t' 
tercepicd  Right  Lines  do  make  equal  Angles.     From 
whence  it  appears,  diat  the  Subject  is  dcterminetl 
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and  limited  by  any  of  thcfe  Affedtions,  and  confc- 
quently  that  any  of  theie  may  be  rightly  fuppofed 
or  aflumed  in  defining  the  Subjeft,  fince  they  are 
connefted  together  with  fuch  an  eflcntial,  clofe  and 
reciprocal  Tie,  that  if  any  one  be  fuppofed,  the  reft 
muft  neceflarily  follow.  Thefe  Things  indeed  are 
denied  by  Arijlotle^  who  affirms,  that  there  can  be 
no  more  than  one  Definition  of  the  fame  Thing ; 
but  notwithftanding,  according  to  his  own  frequent 
^d  never  enough  to  be  commended  Saying,  //  is  a 
fious Thing  always  to  adhere  to  tbeTrutb.  It  appears 
alfo  hence  that  thefe  AfFedions,  on  the  Part  of 
the  Thing,  are  by  Nature  of  equal  Order  and  De- 
gree, and  have  no  Dependence  one  upon  anodier. 
Which  is  clearly  confirmed  from  hence,  becaufe 
their  Subjeft  may  be  divers  Ways  generated  in  re- 
fpeft  to  them.     Ex.  gr,  A  Circle  may  not  only  be 

generated  by  the  Rctation  cf  a  Right  Line^  but  alfo 
y  the  dra'ii;iyg  cf  PerpendicularSy  by  the  Affection 
cf  right  Angles^  and  as  many  other  Ways,  as  it  has 
fuch  reciprocal  Aft'cftions  or  Properties.  And  the 
fame  Rcafon  holJs  for  all  other  particular  Magni- 
tudes. But  if  any  one  llich  Afiedion  be  taken  at 
pleafure  before  others  for  the  Definition  of  its  Sub- 
^eft,  it  fo  fir  iupplics  the  Place  of  a  Caufe,  in  re- 
fpeft  of  the  reft  ;  bccaufe  by  the  Intervention  of  it, 
^s  a  Mean,  the  reft  do  neceflarily  follow  and  be- 
come known.  As  if  a  Circle  be  defined  from  the 
Equality  of  its  Raclii^  it  will  thence  be  demon- 
ftrated,  that  any  Perpendicular  Line^  intercepted 
between  the  Diafneter  and  Circumference^  is  equal 
to  the  Rectangle  of  the  Scgmeuts  of  the  Diameter  ; 
and  tliat  the  Angles  in  the  Semicircle  are  Right  oneSy 
and  confequcndy  that  Equality  oftheRadiiy  as  to  the 
Manner  of  our  Difcurius,  will  be  the  Original  of 
thefe  AfFedions.  But  if  a  Circle  fhould  be  defined 
fas  it  may  be)  to  be  a  Figure  endc^mrd  *xith  fuch  a 
Property  that  if  a  certain  Right  Line  be  cijfumed 
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iMit\  and  any  Perpendicular  be  ereSled  from  that 
to  the  Perimeter  of  the  Figure y  the  Square  of  fucb 
Perpendicular  will  equal  the  ReSangle  of  the  Segments 
cf  that  Right  Line  :  Or  if  it  be  defined  a  Figure 
whernn^  tf  a  certain  Right  Line  be  taken^  two 
Right  Lines  any  how  drawn  from  its  Extremities  to 
a  Point  in  the  Perimeter  do  make  a  right  Angle  \ 
frOm  either  of  the  Definitions  the  foregoing  Affec- 
tion of  the  Equality  of  the  Radii  may  be  eafily  de- 
duced and  demonftrated,  and  confequently  that 
Equality  will  be  refpeftivcly,  as  the  Effedts  of  the 
iaid  AffedUons,  and  the  Knowledge  of  that  will 
depend  upon  the  Suppofition  of  thefe.  And  in 
like  manner  if  Parallel  Right  Lines  be  defined 
from  the  Equality  of  the  alternate  Angles  made  by 
a  Right  Line  interfering  them,  the  remaining  Pro- 
perties of  Parallel  Right  Lines ^  related  above,  will 
arife  fi-om  thence.  I  deny  not  but  fome  of  thefe 
reciprocal  Affections  do  feem  more  fimple  and 
evident,  more  obvious  and  manifcftly  poflible,  than 
others  -,  as  the  Equality  of  the  Radiij  already  men- 
tioned, feems  more  eafy  and  plain,  than  the  other 
Properties  of  a  Circle^  becaufe  it  is  entirely  deduced 
from  a  Generation  by  the  Rotation  of  one  of  thofe 
Radii  :  And  that  negative  Property  fcemed  to 
Euclid,  as  the  moft  eafy  and  clear  of  all  Proper- 
tics  belonging  to  Parallel  Lines,  that  how  far  foever 
they  be  produced  they  can  never  meet  -,  though  he 
was  not  fo  right  in  this,  as  is  thought  by  fome  ; 
among  whom,  for  many  Reafons,  I  beg  leave  to 
fubfcribe  my  own  name.  I  alfo  acknowledge  the 
Expedience  of  beginning  an  Argumentation,  or  of 
defining  aSubjeft,  from  fuch  Aftedlionsas  are  moft 
eafy  and  familiar,  rather  than  from  others  ;  ex.  gr. 
to  define  a  Circle  rather  from  the  Equality  of  its 
Radii  J  than  from  that  Equality  of  a  Square  with  a 
Rectangle,  which  was  juft  now  mentioned.  As  to 
our  Apprehenfion  I  allow  the  former  the  Preference, 
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though  it  is  all  one,  as  to  the  Nature  of  the  Thing, 
from  which  the  Difcurfus  takes  its  Rife,  for  wWch 
foever  Link  of  the  Chain  you  take  hold  of,  tfic 
Whole  will  follow ;  but  we  ufually  feizc  upon  riiat 
which  is  moft  obvious  and  ready.     It  is  here  as  in 
the  Progrefs  of  a  CircUy  from  whatfocver  Point  of 
the  Circumference  you  take  your  Beginning,  you 
will  meafure  over  the  Whole.     Such  in  Reality  and 
no  other  is  the  mutual  Caufality  and  Dependence 
of  the  Terms  of  a  Mathematical  Demonjiration^ 
^z,  a  moft  clofe  and  intimate  Connexion  of  them 
one  with  another-,   which  yet  may    be  called  a 
formal  Caufality^  becaufe  the  remaiping  AfFeftions 
do  rcfult  from  that  one  Property,  which  is   firft 
affumed,  as  from  a  Form.     Nor  do  I  think  there 
is  any  cdier  Caufality  in  the  Naaire  of  Things, 
wherein  a  necefiary  Confcquence  can  be  founded. 
Logicians  do  indeed  boaft  of  I  do  not  know  what 
kind  of  Demonftrations,  from  external  Caufes  either 
efficient  ox  final  \  but  without   being  able  to  ftiew 
one  i^enuine  Example  of  any  fuch  ;  nay    I  ima^ 
gine  it  impoffible  for  them  fo  to  do.     For  there 
can  be  no  fuch  Connexion  of  an  external^   ex.  gr. 
efficient  Caufe  with   its   Effe^^  ("at  leaft  none  fuch 
can   be  underftood  by  us)  through  which,  ftridlly 
fpeaking,  the  Effc^  is  ncccifarily  fuppofed  by  the 
Suppofition  of  the  efficioH  Caufe  ;  or  any  determi- 
tiate  Caufe  by  the  Suppofition  of  the  EJfe5l.     Nay 
there  can  be   no  efficient  C;iufc  in  the  Nature  of 
Things  of  a  philofophical  Confideration  which  is 
altogether  necoflary.     For  every  A6tion  of  an  ef 
ficient  Caufe^  as  well  as  its  c  cnfcquent  EffeU^  de- 
pends upon  the  Free-JVill  and  Power  of  Almighty 
Gody  who  can  hinder  the  Influx  and  Efficacy   of 
any  Catffe  at  his  Pleafure  ;    neither  is  there  any 
Ejfe£l  lb  confined   to  one  Caufe^  but  it   may  be 
produced  by  perhaps  innumerable  others      Hence 
It  is  poflSble  that  there  may  be  fuch  a  Caufe  wich- 
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out  zjitbfequent  EffeSt^  or  fuch  an   Effe£l  and  no 
peculiar  Cauje  to  afford  any  Thing  to  its  Exiftencc. 
There  can  therefore  be  no  Argumentation  from  an 
efficient  Caufe  to  the  EffeSl^  or  contrarily  from  an 
EffeSl  to  tli  Caufey  which  is  lawfully  neceflSiry. 
fir.  gr.  Becaufe  there  is  Fire  it  does  not  neceffarily 
follow  that  there  is  Fewel  for  it  to  feed  on,  or 
Smoak  fent  from  it ;  fince  Hiftory  relates  that,  in 
Faft,  it  has  happened  othcrwife.     Neither,  on  did 
contrary,  is  the  neceflary  Exiftence  of  Fire  infer- 
red from  Afhes  or  Smoak.     For  who  doubts  but 
God    can  immediately  create  Afhes  and  Smoak, 
or  produce  it  by  other  Means  ?    Perhaps  you  will 
fiiy,  that  Afhes  and  Smoak  denote  an  intrinfecal 
Relation  of  Fire.     I  anfwer  briefly.  This  fuppofes 
the  Argumentation  not  to  proceed  from  die  effi- 
cient Caufe  or  the  Effe^^  but  from  xht  formal  Caufe 
or  Caufate  •,  yet  however  a  Thing  of  the  fame  Na- 
ture and  as  feme  fpeak  the  fame  Specifically^  as 
Afhes  or  Sm.oak,  can  exift  without  the  Efficacy 
of  Fire,    and  take  its  Rife  from    other   Caufes, 
which  makes  for  our  Purpofe.    Nor  does  the  Aflro- 
nomer,  from  the  Height  of  die  Sun,  wholly  de- 
monflrate  its  Continuance  above  the  Horizon,   or 
the  pafl  Time  of  the  Day  :  For  we  read  of  the 
Sun's  having  once  been  fixed  in  Heaven,  and  an- 
other Time  of  its  going  backwards.     In  like  man- 
ner from  that  moll  celebrated  and  trite  Example 
of  a  Demonftration  from  the  efficient  Caufe  (which 
is  ufed   by  Ariflotle^  and  other  Writers  of  Logic) 
of  the  Eanh's  Interpofition  between  the  Sun  and 
Moon,  it  does  not  follow  that  the  Moon  undergoes 
an  Eclipfe ;   for,  if  God  pleafe,  the   folar  Rays 
may  pafs  through  the  Body  of  the  Earth,  or  reach 
the  Moon  by  an  indired:  Paflage  without  touching 
the   Earth;  or  otherwife   the  Moon  may   be  en- 
lightened fome  other  Way  :    Nay  die  Sun   itfelf 
does  not  infer  Light  j  for  at  the  Death  of  our  Lord, 
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the  Setting  of  the  better  Light  of  the  World,  th^ 
Sun  as  if  ftruck  with  Fear  and  confounded  with 
Shame,  drew  in  his  R^ys,  and  hid  his  Face,  and 
even  at  Noon-day  funered  an  Eclipfe,  without 
any  Moon  to  intercept  his  Light,  or  any  Cloud  to 
darken  his  Brightnefs.  A  Defeft  of  Light  then 
cannot  be  concluded  from  the  Interpofition  of  an 
opaque  Body,  nor  this  from  that.  I  own  accord- 
ing to  the  Law  and  Cuftom  of  Nature,  that  fuch 
F>tfefts  do  always  proceed  from  fuch  Caufes  ;  and 
therefore  we  may  pardon  Arijlotle  for  fuppoflng 
Nature  fubjed:  to  an  intrinfecal  Neceflity,  and  not 
obnoxious  to  an  external  fuperiour  Power  :  but  in 
reality  it  is  one  thing  to  happen  naturally,  and 
another  to  exift  of  Neceflity.  For  neceflary  Pro- 
pofitions  have  an  univerfal,  immutable  and  eternal 
Truth,  fubjeft  to  nothing,  nor  to  be  hindered  by 
any  Power.  Science  ("fays  (y)  Arijlotle)  is  compre- 
hended of  NeceJJily,  whence  it  is  that  it  is  eternal : 
For  all  thefe  Things  that  are /imply  necejjary  are  eter- 
ttal.  Again.  (2)  The  Conclufion  of  a  De?nonJiration 
mufl  be  eternal.  Bc^caufe  therefore  the  Efficacy  of 
Agents  may  be  flopped,  or  changed,  and  every 
Effe^  may  proceed  from  various  Caufes^  there  can 
be  no  Den"ionfl:ration  from  an  efficient  Caufe^  or 
from  an  Effect.  And  the  fame  Reafon  holds  of  a 
final  Caiife  and  its  corrcfpondent  Means^  i.  e.  no 
determinate  Means  will  follow  from  the  E?idj  nor 
will  the  End  necefllirily  follow  from  the  Means. 
We  have  nothing  then  to  wonder  at,  that  there  are 
no  Demonftrations  in  Geometry  drawn  from  an 
efficient  or  final  Canfe^  but  do  all  proceed  from  the 
Form  and  inward  Conilitution  of  the  Thing  ex- 
prcfled  by  the  Definition.  They  are  therefore  to 
be     blamed,    who    require    fuch   Demonfl:rations 

(y)  VI.  Eth.  c.  3.  (x)  I.  Anal.  Polt.  c.  7. 
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fix>ni  Mathematicians,  as  themlelves  never  faw  or 
dreamed  of. 

From  what  has  been  faid  it  follows  that  the 
Syllogifm  in  which  one  eflential  AfTedion  is  con- 
nected widi,  or  inferred  from  another,  is  a  Caufal 
Demonjlration^  i.  e,  one  deduced  from  a  fomid 
Caufe :  And  fuch  a  Syllogifm,  ex.  gr.  js  the  fol- 
lowing one.  In  every  Figure  having  equal  Radiiy  the 
Square  of  a  Perpenmular  is  equal  to  we  ReSl angle  of 
the  Segments  of  the  Diameter :  The  Figure  Z  has  equal 
Radii  (viz.  by  Hypotbefts^  or  what  already  appears) : 
Therefore  in  the  Figure  Z,  the  Square  of  a  Perpen-- 
dicular  is  equal  to  the  Re£langle  of  the  Segments  of 
the  Diameter.  Here  a  certain  Affeftion,  viz.  the 
Equality  of  a  Stjuare  with  a  Reklangle  is  demon- 
ftrated  of  the  Figure  fubjefted,  by  an  Equality  of 
the  Radii ;  which,  in  refpeft  of  that,  is  a  formal 
Caufe^  as  was  fhewn  above.  Such  alfo  is  this 
Syllogifm.  Right  Lines  never  meetings  if  inter- 
fetled  by  a  Right  Line^  do  make  the  alternate  Angles 
equal:  But  the  Right  Lines  A,  B,  (by  HypotheftSy 
or  what  has  been  demonflrated)  do  never  meet  one 
another  ;  therefore  a  Right  Line  interfering  the 
Light  Lines  A  and  B,  makes  the  alternate  Angles 
equal.  And  this  may  fufEce  concerning  the  Affec- 
tions to  be  demonflrated. 

As  to  Axioms,  I  obferve,  that  they  either  agree 
ur.iverfally  to  all  Quantities,  viz.  all  Lines,  Super- 
ficies, Solids,  and  Angles,  and  by  Reafon  of  thefe 
to-  Numbers,  Weights,  Times,  and  all  other  fe- 
condary  Quantities;  or  particularly  to  particular 
Quantities  :  Thofe  may  be  named  Univerfaly  thcfe 
Particular.  Univerfal  Axioms  declare  certain  cfTen- 
tial  AfFedtions  of  all  Quantities,  fo  fimplc  and  clear 
that  they  can  fcarce  by  Hypothefis  be  demonftrated 
by  others  prior  to  them,  at  leafl  they  need  no 
Pemonflration.  Thus  it  agrees  abfolutely  widi 
9il  Quantities,  and  may  be  pronounced  of  them  in 
^  general. 
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general,  ^hat  Sluantity  is  divifthle  into  bamcgeneous 
Siuantitiesy  i.  e.  z  Line  into  Lines,  a  Superfice  into 
Superficies,  a  Body  into  Bodies  :  That  homogeneous 
^antities  may  be  compounded  or  added  to  one 
another  :  That  a  lejfer  Siuantity  may  be  fubdu^ed 
from  a  greater :  That  every  Magnitude  does  fill  a 
Space  adequate  to  it/elf :  And  that  every  Magnitude 
is  capable  of  a  determinate  Situation  •,  can  reft  \  can 
be  moved  with  any  Motion^  dire£l  or  circular^  uni-^ 
form  or  ununiform^  fwift  or  flow.  Indeed  fuch 
abfolute  Axioms  are  not  mentioned  by  Geometrici- 
ans, by  Reafon  of  their  too  great  Evidence,  but 
they  ought  to  be  underftood,  becaufe  of  other 
Axioms^  and  for  the  fake  of  the  Definitions  of  par- 
ticular Magnitudes,  and  all  kinds  of  Hypothefcs. 
Ex,  gr.  When  it  is  faid  Magnitudes,  which  are 
congruous  to  one  another,  or  *b:bich  fill  the  fame 
Space,  are  equal  -,  it  is  fuppofed,  as  a  thing  pof- 
fible,  for  Magnitudes  to  fill  Space.  When  aiJ/fi?/ 
Angle  is  defined  from  fuch  a  rofition  of  one  Right 
Line  upon  another  ;  it  is  fuppofed  a  thing  pofTible, 
for  a  Right  Line  to  obtain  fuch  a  Pofition.  When 
a  Circle  is  defined  fi-om  the  Rotation  of  a  Right 
Line,  that  Rotation  or  Motion  is  taken  as  poflible 
to  be  done.  And  to  Quantities  compared  toge- 
ther may  be  attributed  fuch  Affedtions  as  thefe, 
viz.  the  Equahty  of  two  Quantities  following  their 
Equalities  to  a  third  ;  the  Equality  refulting  ft-om 
Congruence,  or  the  Completion  ot  the  fame  Space ; 
the  Equality  arifing  from  the  Compofition  or  Di- 
vilion,  the  Addition  or  Subtraftion  of  Equals; 
and  liich  like.  The  fame  Way  do  Affeftions 
(which  becaufe  of  their  Simplicity  and  Evidence 
either  cannot,  or  need  not,  be  demonftrated)  ex- 
prefs  the  particular  Axioms  belonging  to  particular 
Quantities.  As  ex,  gr.  It  is  the  Property  of  a 
Right  Line,  that  it  can  only  be  interfered  by  another 
Right  Line  in  one  PobU  -,  that  it  has  no  Part  common 

with 
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witb  another  Right  Line-,    that  it  cannot  include 
SpacCy    or  conflituPs  a  Figure  with  another  Right 
Line.     It  aljfo  agrees  with  it,  that  it  can  lie  he^ 
tween  any  two  ajfigned  Points  ;  that  it  may  be  in^ 
finitely^  or  indefinitely  produced ;  that  it  may  be  the 
Radius  of  a  Circle.     Thefe  are  Things  required  by 
Geometricians,  but  may  be  boldly  pronounced,  be- 
ing AfFeftions  of  a  Right  Line^  and  eafily  dedu- 
^ible  fh)m  its  Definition,  whadbever  it  be.    Which 
Axioms  may  perhaps  be  capable  of  Demonftration^ 
as  I  have  laid  above ;  but  becaufe  their  Truth  is 
moft  eafily  perceived  and  granted,  it  is  neither  ne- 
ceflary,  nor  expedient  to  be  done.     Since  therefore 
thefe  Axioms  do  contain  Afie£tions  eflential  either 
to  all  Quantities,   or  at  leaft  to  fome  particular 
ones  ;  an3  fince  they  neceflarily  agree  together  (I 
mean  fome  refpeckively  with  fome)  it  is  apparent 
that  they  are  rightly  applied  to  Demonftration,  and 
that  caufal  Demonjirations  may  be  made  from  them. 
Take   an  Example  in  the  following   Syllogifm ; 
Tbofe  Things  which  ^re  congruous  to  one  another j 
are  equal  to  the  fame  Thing  :    The  Magnitudes  A 
and  b  are  congruous  (by  Hypothefis,  or  what  is 
proved  beforej  therefore  the  Magnitudes  A  and  B 
are  equal  to  the  fame.     Where  the  Equality  of  two 
Magnitudes  in  refpeft  of  the  fame,    is  deduced 
from  its  formal  Caufe^  viz.  from  the  Congruity  of 
thefe  Magnitudes.     But  at  prefent  I  will  add  no 
more  concerning  Axioms^  only  I  affirm,  that  fince 
all  Mathematical  Theorems  are  derived  from  thefe, 
i.  e.  fix)m  the  general  Affections  of  all  Magnitudes, 
and  from   the  reciprocal  ^Properties  of   particidar 
Magnimdes,  it  fufficiently  appears,  that  they  are 
dcmonflrated  fi-om  their  Caufes.     It  is  therefore 
meet  that  I  proceed  to  what  remains  of  the  Difpu- 
tation  I  have  undertaken  againft  the  Impugners  of 
Mathematical  Demonftration,  and  confider  briefly 
the  Inftances  they  bring  againft  it, 

Ftrjt, 
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Ftffiy  They  aim  at  the  very  Head  of  Geometry, 
and  deny  that  the  Proof  of  the  very  firft  Propofition 
of  the  Elements  is  deduced  from  proper  Cautes,  and 
therefore  is  not  demonftrated  by  the  beft  Reafbn  : 
For  they  fay  it  is  there  inferred,  that  a  Triangle 
will  be  Equilateral  from  hence,  becaufe  it  may  be 
conftrufted  between  two  equal  Circles,  which  agrees 
not  with  an  Equilateral  Triangle  eflcntially,  but  ac- 
cidentally ;  becaufe  it  will  be  Equilateral,  though 
thefe  Circles  were  not  drawn  at  all,  or  were  en- 
tirely wanting.     To  this  Inftance  and  fuch  like  it 
is  differently  anfwered  by  different  Perfons,  though 
indeed  appofitely  enough  by  all.     I  fliall  pafs.  by 
die  Anfwers  of  others,  and  fhall  give  an  Anfwer 
of  my  own,  without  borrowing  any  thing.     And 
firft  I  fhall  take  notice,  that  the  word  Demonftra- 
tion  is  taken  many  Ways.     As  i/.  For  any  par- 
ticular fcientific  Syllogifm,  according  to  Ariftotle^s 
Definition,    A  Demonjlration  is   a  Syllogifm  pro- 
ducing  Science  \  this  may  be  termed  Simple  Demon-- 
ftration.     2dly^  For  a  Syftcm  of  more  fuch  Syllo- 
gifms  connedted  togedier  in  a  certain  Series,  and 
confpiring  together  for  the  Proof  of  one  Propofi- 
tion ;  which  Sort  may  not  unfitly  be  named  Com^ 
pound  Demonjlration.     gi^.  For  the  ultimate  Syl- 
logifm, whereby  the  propofed  Conclufion  is  imme- 
diately confirmed,  to   which  the  other  Syllogifms 
do  all  aim  and  conduce  :  Which  being  liippofed, 
I   obferve  that  if  the  particular  Syllogifms  of  a 
Compound  Demonjlration   be  all  Caufal,  efpecially 
the  laft,  by  which  is  given  as  it  were  the  finifhing 
Stroke  •,  then  the  whole  Compound  Demonjlraiion 
defervedly  ought  alfo  to  be  reckoned  Caufal  and 
Scientific.     Moreover  I  take  notice,   that  certain 
Things  afTumed  or  proved  may,  in  the  Courfe  of 
the  whole  Demonflration,  fcem  accidental  in  rcfoeA 
of  fome   one  (-ex.  gr.  the  Ultimate)    Conclunon, 
which  yet  in  Refpc^  of  others  may  be  proper  and 

cfiential^ 
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eflendal ;  nor  is  there  any  need  for  all  the  Prsedi- 
catcs  in  the  Series  of  a  Compound  Demonftration  to 
^rce  eflentially  with  the  Subjed  of  the  finifhing 
Conclufion  \  but  it  fuffices  for  every  Thing  {o  to 
agree  with  the  Subjeft  of  its  proper  Conclufion, 
From  which  Obfervations  moft  or  all  the  Inftances 
brought  againfl:  Mathematical  Demonftrations  may 
be  overthrown.     And  confequently,  if  the  parti- 
cular Syllogifms  (brought  either  for  the  Conftruc- 
tion,  or  Demonftration  of  the  abovefaid  firft  Pro- 
pofidon  of  the  Elements^  be  Demonftrations  Am- 
ply fcientificy  the  Propofition  ought  to  be  reckoned 
as  fctentificaUy   demonftrated.     We  will   therefore 
e^camine  them;  but  for  brevity's  fake,  we  will 
iubftitute  Entbymems  for  Syllogifms,  and  infinuatc 
the  Neceffity  of  the  Confequence.     A  Propofition 
(which  I  imagine  unknown  ^to  none  of  you)  is  as 
follows. 

Upon  any  given  Right  Line  AB  to  make  an  Equi^ 
lateral  Triangle ;  or  which  is  all  one,  if  we  re- 
duce this  Propofition  to  the  Form  of  a  Theorem 
f  fince  every  poflible  Problem  may  be  taken  for  a 
Theorem,  as  far  as  that  Poflibility  is  demonftrable) 
it  will  be  as  follows.  Jn  Equilateral  Triangle  is 
pojftble  to  he  made  upon  any  given  Right  Line 
A  B.    (Fig,  III.; 

Construction. 

1.  Enthymeme.  Any  Right  Line  may  he  the  Radius 
of  a  Circle,  Therefore  A  B  is  the  Radius  of  a 
Circle^  whofe  Center  is  A. 

The  Antecedent  contains  the  eflential  Property  of 
a  Right  Line,  as  is  remarked  above. 

2.  Enth.  By  the  fame  Reafony  with  the  Center  B 
and  Interval  A,  a  Circle  may  he  defcribcd.  Let 
therefore  the  Circles  BCD,  ACE,  be fuppofed 
to  be  drawn^  hecaufe  it  is  fhevjn  that  it  may  he 
ione. 

3,  Enth. 
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3*  Enth.  Two  equal  Circles  defcribed  by  a  common 
Radius  will  mutually  interfe£l  each  other  :  There- 
fore the  Circles  BCD  and  ACE  will  interfe£l 
each  other  :  fuppofe  in  the  Point  C. 

The  Antecedent  is  manifeft  from  that  moft  evident 
Property  of  a  Circle,  that  it  is  on  every  Side  ki- 
clofed  and  terminated. 

4*  Enth.  A  Right  Line  may  be  drawn  from  oncgi* 
ven  Point  to  another.  Therefore  the  Right  Une 
A  C  may  be  drawn  from  A  to  C. 

The  Antecedent  is  the  Property  of  a  Right  Line, 
as  we  have  faid  before.  Let  A  C  therefore  be 
drawn  J  becaufe  it  may  be  done. 

5.  Enth.  By  a  like  Reqfon  may  be  drawn  the  Right 
JJne  B  C.  Let  it  therefore  be  drawn.  Now  it 
is  plain,  that  a  Triangle  A  C  B  is  here  confti- 
tuted  from  the  Definition  and  Nature  of  a  Tri- 
angle :  And  the  Conftruftion  of  the  Problem 
is  finifhed.  It  next  remains  to  be  demonftrated 
that  the  Triangle  A  C  B  is  equilateral,  and  what 
follows  may  be  converted  into  this  Theorem. 

A  Triangle  made  of  Right  Lines  drawn  from  the 
Centers  of  two  equal  Circles^  defcribed  by  a  com- 
mon Radius  to  the  Interfe£lion  of  thefe  CircleSy  is 
equilateral. 

The  following  Enthymemes  do  fervc  for  the  l)e- 
monft ration  of  thus  Theorem. 

1.  Right  Lines  drawn  from  the  Circumference^  of  a 
Circle  to  its  Center  are  equal  to  one  another. 
Therefore  the  Right  Lines  A  C  and  A  B  are 
equal.  The  moft  noted  Property  of  a  Circle 
whereby  it  is  defined  is  in  the  Antecedent. 

2.  By  the  fame  Reafon  the  Right  Lines  B  C  and  AB 
are  equal. 

3.  Thofe  Things  which  are  equal  to  the  fame  Third 
are  equal  to  one  another.  Therefore  the  Right 
Lines  A  C  and  B  C  are  equal  to  one  another^ 
becaufe  they  are  proved  to  be  equal  to  the  fame 

Line 
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Line  A  B,  The  Antecedent  is  the  moft  evident 
and  noble  Property  of  Magnitudes  compared, 
of  which  it  was  fpoke  above. 
4^  The  ultimate  and  decretory  Syllogifm  follows, 
which  finilhes  the  Whole.  Every  Triangle  wbicb 
has  three  equal  Sides  is  Equilateral.  The  Tri- 
angle ABC,  from  what  is  jult  now  demon- 
firated,  has  three  equal  Sides.  Therefore  the  Tri- 
angle ABC  is  Equilateral.  The  major  Propo- 
rtion is  the  Definition  of  an  Eauilateral  Tri- 
angle ',  and  the  Caufe  of  the  Conclufion  is  moft 
evidently  contained  in  the  PremifTes.  For  I 
cannot  imagine  what  Caufe  can  be  fuppofed  more 
near  and  indmate,  why  the  Triangle  A  B  C  is 
Exniilateral,  than  this,   that  it  has  three  equal 

We  have  fcen  then,  that  all  the  Syllogifms  of  this 
Propofitioii,  which  ferve  both  for  its  Conftrudtion, 
and  the  Dcmonftration  of  that  Conftrudion,  are 
fo  many  true  Demonftrations,  as  being  deduced 
from  the  eflendal  Attributes  of  the  Things  fubjeft- 
ed;  the  laft  efpecially  being  in  the  higheft  Degree 
Caufal  and  Scientific.  I  hope  then  enough  has  been 
done  for  this  Inftance. 

But  as  I  remember  Pereriusj  and  others,  do  pro- 
duce anodier  Inftance,  alfo  blaming  that  celebrated 
Propofition  which  is  the  thirty-fecond  of  the  firft 
Element,  as  na  fcientifically  demonftrated.  For 
they  iay  that  here  alfo,  to  demonftrate  that  all  the 
Angles  of  a  Triansle  are  equal  to  two  right  ones^ 
one  Side  is  produced,  and  a  Parallel  drawn  to  an- 
odier ;  the  Poffibility  of  which  Performance  is  en- 
tirely extrinfecal  and  accidental  to  the  Thing  pro- 
?>fed  *,  nor  has  the  Equality  of  the  Angles  in  the 
riangk,  the  Thing  to  be  proved,  any  Depen- 
dence upon  it.  Therefore  it  does  not  follow  nom 
hence  tnat  diis  Demonftration  is  EJfential  or  Sci^ 
intific.    Theft  moft  fobtle,  or  rather  capdous  Dif- 

|i  ~  putants. 
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putants,  if  I  miftake  not  the  Matter,  require  Con- 
clufions  without  any  niean  or  middle  Term  found 
or  aflumcd  for  their  Deduction,  or  which  is  the 
fame,  demand  an  Argumentation  without  an  Ar- 
gument.    Arijlotk  does  indeed  rejeft  Heterogeneous 
Arguments,  i.  e.  fuch  as  arc  drawn  from  Sciences  of 
another  Nature  -,  but  thefc  Men  feem  to  reject  all 
Arguments,  expefting  a  Thbg  fliould  be  proved 
of  itfelf,  without  fufFering  any  Thing  to  be  grant- 
ed.   But  to  come   to  the  Bufineis*     i.  ArifioUe 
brings  this  very  Propofition  for^  an  Exampk  of 
thofe  Things  that  are  effentially  inherent  to  their 
Subjeft,  and  caulally  demonftrated.     {a)  tVe  know 
C&ys  he)  ejfcnlially  and  not  accidentally^  when  we 
under/land  fometbingfo  to  agree  with  another^  as  it 
does  agree  in  Reality^  and  that  by  Principles  proper 
to  it.     Thus  we  know  the  Property  of  having  three 
Angles  equal  to  two  right  ones^  when  we  underftand 
that  to  which  it  agrees  by  Reafon  of  itfelf^  and  confc- 
quently  we  knew  by  the  Principles  which  properly  he- 
long  to  that  TJAng.     2. 1  briefly  reply,  b«:airfe  a  Tri- 
angle is  conftituted  of  Right  Lines,  the  Properties 
of  a  Right  Line  do  fo  far  pertain  to  it.     But  it  is 
the  Property  of  a  Right  Line  that  it  may  be  pro- 
duced i  therefore  this  Produftion  is  not  altc^ether 
accidental  or  extrinfecal  to  a  Triangle.     In  like 
manner  it  is  alfo  the  Property  of  a  Right  Line,  as 
was  before  demonftrated,  that  another  Right  Line 
may  be  drawn  parallel  to  it  through  any  Point 
without  itfelf.     Therefore  diis  alfo  agrees  eflendally 
with  a  Triangle,  as  far  as  Right  Lines  (1.  e.  its 
Sides  J  do  enter  its  Conftimtion.    Moreover,  3.  I 
imagme  our  Adverfaries  do  not  deny  the  Truth  of 
that  Propofidon,  nor  therefore  that  it  may  be  dc- 
tnonftrated.     Therefore  fome  Alean  ought  to  be 
afliuned  for  demonftrating  it.    An  external  Angle 

(mJ  I.  Poft.  Anal.  cap.  7* 
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is  ftflluned  and  (hewn  to  be  divifible  into  two  Parts 
equal  to  the  two  internal  and  oppofite  Angles  of  a 
Triangle;  whence  it  moft  evidently  follows  that 
all  the  internal  Angles  are  equal  to  two  right  ones. 
And  I  do  not  fee  that  any  Mean  can  poflibly  be 
afftuned  more  convenient,  or  more  intimate  than 
this.  Again,  4.  I  here  anfwer  as  in  the  former 
Ini^nce.  If  the  particular  Syllogifms  are  exa- 
mined, from  which  the  Demonllration  of  this 
thirty-iecond  Propofition  is  taken,  it  will  be  found 
that  their  whole  Force  depends  either  immediately 
or  mediately  upon  Definitions  or  univerfal  Axioms. 
From  whence  it  will  appear  that  diefe  Demonftra- 
tions  are  Scientific*^  and  confequently  fo  is  the 
whole  Demonflrarion  made  up  of  them,  and  the 
ultimate  SyUqgifm  whereby  the  Propofition  is  im- 
mediately demonflrated.  After  the  fame  manner 
may  eafily  be  anfwered  all  the  Inftances  that  can 
be  Drought, 

That  I  may  at  length  finifh  this  fomewhat  long, 
and  I  fear  diforderly  Diflertation,  becaufe  too  ha- 
ftily  compofed  and  delivered  ;  it  feems  to  me  tliat 
every  certain  and  evident  Difcurfus,  flowing  ac- 
cording to  the  irrefragable  Rules  of  I^gic,  from 
Mndples  univerfally  and  perpetually  true,  and 
confequently  wherein  a  necefTary  Connexion  of  the 
Terms  is  found,  is  moft  properly,  fcientificaUy  and 
perfeftly  a  Demonflration  :  And  that  all  other  Cau- 
fality^  which  is  here  applicable,  befides  this  Con- 
nc&ion  ah-eady  explained,  is  mere  Fiftion,  fup- 
pprted  by  no  Ailment,  nor  confirmed  by  any 
Example  :  And  that  Demonlbations,  though  fome 
do  outdo  others  in  Brevity,  Elegance,  Proximity 
to  their  firfl  Principles,  and  the  like  Excellencies, 
yet  are  all  alike  in  Evidence,  Certitude,  Ncceflity, 
Mid  the  eflential  Connexion  and  mutual  Dependence 
of  the  Terms  one  with  another.  Laftly ,  tint  Mathe- 
matical Ratiocinations  are  the  moft  perfed  Dcmon- 
ftiadons.  II  Z  I  had 
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I  ^had  indeed  explained  thefe  Things  fomewhat 
more  fully  and  largely,  if  ibnie  little  Bufinefs  in- 
tervening had  not  difturbed  my  Thoughts,  and 
fhortened  my  Time  for  Study  ;  and  if  a  Kkkl  of 
lUne^,  not  indeed  very  grievous,  but  yet  troid>le- 
fome,  had  not  feized  me  for  ibme  Days.  There- 
fore I  beg  to  take  my  Leave  of  you  for  die  prefent 
Seafon,  wilhing  that  Health  to  you  which  I  can* 
not  enjoy  myfelf. 

Here  ended  the  firft  Tear  after  the  Inftitution  ofiUs 
Profejforftnp^  which  happened  to  have  only  one  Term. 
I  have  borrowed  the  two  firft  LeHures  of  the  fd- 
lomng  Tear  J  to  encreafe  the  Number ^  and  fill  up  tic 
Paper  that  remains  here. 


LECTURE   VIL 

Of  the  Nature  ^  Firft  Principles^ 

IT  is  a  Cuftom  very  agreeable  with  good  Man- 
ners, and  I  believe  no  where  more  confirmed 
by  frequent  Pradice  than  among  yourfdves,  for 
Friends  that  meet  together  after  a  long  Abfence  to 
embrace  with  a  more  ardent  Affection,  and  addrels 
one  another  with  a  more  liberal  Converfation.  In 
compluince  with  which  Cuftom  to  Day,  if  Nature 
hadbeftowed,  or  Art  procured  for  me  but  a  mo- 
derate Faculty  of  fpeaking,  I  confefe  indeed  very 
many  Things  might  be  pertinently  urgod.  For  I 
am  pulhed  on  with  the  trueft  Incentives  of  a  moft 
hearty  AfFeftion,  and  inftrufted  with  the  nxA 
fplendid  as  well  as  copious  Argument  of  Speech,  to 
return  due  Thanks  for  your  fingular  Benevolence  ex- 
perienced upon  myfelf,  tofet  forth  your  diligent  Study 
beftowed  upon  the  liberal  Sciences,  and  to  applaud 
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and  congratulate  your  Patience  fuch  as  is  becoming 
Philolbphers.  But  fince  both  my  own  Diipofition 
is  very  unmeet  and  averie  to  Oratory,  as  well  as  in 
iixne  Meaiure  the  Reaibn  of  my  Office ;  and  fince 

Eu  yourfelves,  I  imagine,  do  not  come  hither  to 
ve  your  Ears  tickled  with  rhetorical  Compli- 
ments, but  to  compoie  your  Minds  to  the  Severity 
of  Philofophy ;  not  to  much  defiring  to  hear 
Speeches  nude  to  you,  as  to  have  the  Science  of 
Thin^  explained  to  you :  I  will  therefore  refkrain 
my  Tongiie  from  brealdng  out  into  pathetical  Ex- 
curfions  •,  and  wholly  omit  every  kind  of  Preface, 
Only  g^ve  me  leave,  moft  courteous  Auditors,  offi- 
ciously to  embrace  you  with  the  Arms  of  Gratitude 
and  Benevolence,  heartily  wifhing  you  all  Health, 
and  praying  that  our  meeting  tqgedier  again  may 
be  delightml  and  aufpicious.  A^d  fb,  without 
more  ado,  I  apply  myfeif  to  the  Work  of  my 
Office,  propofing  now  to  purfue  what  I  left  the 
laft  Term,  and  endeavour  to  finilh  what  was  then 
begun. 

Be  pleafed  then  to  recoUedt  what  I  at  that  Time 
propoied  to  treat  of,  and  how  far  I  proceeded.  I 
undertook  to  eredb  an  Entrance  preparatory  to  the 
Dilciplines  I  was  engaged  to  treat  upon,  i.  e.  to 
handle  certain  Things  which  are  nece(&ry  to  be 
pitmifed  concerning  the  Mathematics.  And  this  I 
did  by  treating  largely,  i/,  concerning  their  Name^ 
Ihewing  why  they  obtained  the  Tide  of  Difciplines 
after  a  peculiar  Manner  to  themfelves.  idly^  Con- 
cerning their  general  Obje£lj  how  fer  it  extends  it- 
fclf.  And,  2idlyj  Concerning  their  Divifton^  as  well 
according  to  my  own,  as  the  Sendments  of  others. 
Next  I  began  to  treat  concerning  the  Manner 
whereby  they  arc  converiant  about  their  Objedt, 
i.  e.  the  Invention  and  Aflertion  of  the  Properties 
agreeing  widi  their  Objoft,  by  a  certain  and  evi- 
dott  Difcurfus  or  Argumentation,  which  is  wont 
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to  be  denoted  by  the  Name  of  Denumftratitm : 
Whofe  Nature  I  endeavoured  to  illuflxate  fern 
the  Difference  between  the  Mathematical  Way  ol 
arguing,  and  that  which  is  ufed  in  moft  other 
Sciences,  by  a  diligent  Comparifon  of  both;  af- 
faying  afterwards  to  vindicate  the  Certitude  and 
Excellence  of  Mathematical  Ai^umentations,  as 
much  as  was  requifite  fh)m  the  Inferences  and  Tricks 
of  Ad  verfaries. 

Thefe  Things  being  difcufled  according  to  mv 
Ability,  the  next  thing  fhould  be  (and  my  Mind 
inclines  me  fo  to  do)  to  come  to  the  Explanation  of 
the  Species  or  Kinds  of  Mathematical  Demmftratimy 
and  treat  alfo  of  Mathematical  Itroentionj  a  moft 
noble  Subjeft,  if  it  did  not  feem  neceflary  firft,  to 
confider  the  integral  Parts  of  a  Mathematical  Syl- 
logifm,  i.e,  to  enquire  conceming  the  Premiflcs  of 
every  Mathematical  Dijcurfus,  what  Sort  they  are, 
and  how  divided. 

As  to  what  pertains  to  die  Premiffes  of  every 
fcientific  Difcurfus^  thefe  are  either /ry?  PrincipleSy 
or  Concluftons  derived  in  a  continued  Series  from 
firji  Principles^  which  after  they  are  fo  derived, 
have  thcmlelves  the  Force,  and  are  in  the  Room 
of  Principles^  in  refpeft  of  the  Concluftons  which 
may  be  inferred  from  them,  or  provod  by  their 
Help.  For  the  whole  Force  of  any  Demot^rative. 
Ratiocination  is  refolved  into  the  Certitude  and 
Evidence  of  the  firJi  Principles :  All  the  Truth, 
the  Validity,  and  Evidence  of  every  Science  ad- 
heres to  thefe  infeparable  Roots,  and  depends 
upon  thefe  unlhaken  Foundations.  Wherefore  we 
will  firft  of  all  treat  of  thefe,  in  a  few  Words  more 
generally  concerning  the  Nature  of  Principles  ;  then 
concerning  their  Differences  -,  and  laftly,  concern- 
ing their  different  Species  fcparately. 

As  to  what  pertains  to  Principles  univerfaHy^ 
Arifiotle  in  more  than  one  Place  rightly  obferves, 

that 
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that  as  there  is  no  Progrefs  in  natural  Motion  from 
Infinity  or  to  Infinity,  but  there  mufk  be  a  Begin* 
ning  from  fomeTerm,  to  end  at  fomeTerm,  fincc 
Infinity  cannot  be  paf&d  over,  (/.  ^.  if  a  Progrefi 
be  afliimed  fix>m  Infinity,  it  will  never  end  here, 
nor  will  a  Progrefe  tending  fi-om  hence  to  Infinity, 
ever  end  any  where):  So  in  the  difcuriive  Ope- 
ration of  the  Mind,  which  is  like  a  Motion  conti- 
nually fucceflive,  there  ought  to  be  fome  appointed 
Bound  for  the  Difcurfus  to  take  its  Beginning  fix)m, 
I.  e.  all  Propofidons  are  not  to  be  proved  by 
others  in  a  continual  Series,  but  fome  ought  to  be 
afliinned  by  him  that  demonftrates,  and  granted  by 
him  that  hears ;  otherwife  every  Examination, 
Confirmation,  or  Declaration  of  the  Truth,  which 
is  undertaken,  will  be  endlefs  and  vain.  As  no 
Houfe  can  be  built,  fo  no  Science  can  be  ercfted 
but  upon  fome  Foundations.  Such  Propofitions 
therefore  are  termed  Principles^  becaufe  from  thefe 
(which  are  affumed  gratis  and  willingly  granted, 
'^  it  were  by  the  mutual  Confent  and  Agreement  of 
the  Teacher  and  Learner)  the  Argumentation  takes 
its  Beginning,  proceeding  from  thence  to  Things 
more  remote.  They  are  therefore  defined  by  Ari-^ 
fintUy  Immediate  Proportions^  becaufe  they  arc  fup- 
ported  by  no  Mean  or  Argument  from  fomething 
clfe ;  or  becaufe  AfTent  is  given  to  tliem  imme- 
diately, and  at  once,  without  mediate  Reafbning. 
Which  is  not  fb  to  be  taken  as  if  Principles  were 
required  to  be  fimply  indemonftrable,  and  can  no 
■way  be  demonflrated  or  proved  -,  for  thus  very 
few  or  no  Axioms  of  any  particular  Science  can  be 
called  or  accounted  Principles.  For  I  doubt  very 
much,  or  rather  am  inclined  to  believe,  that,  ex- 
cept that  one  only  Foundation  of  all  Reafoning, 
That  contradictory  Propofitions  cannot  he  both  true  or 
both  falfe^  no  other  Axiom  is  fimply  demonftrablc. 
\  lay  Axioms,  for  concerning  Definitions  and  Hy- 
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pochefes  the  Cafe  is  fbmewhat  dtflferenc,  as  we  fl^U 
fee  by  and  by,  which  yet  may  be  proved  or  il*- 
luftrated  after  their  own  Way.    However  the  Prifh 
cipUs  of  a  panicular  Science  not  only  may,  but  ought 
to  be  demonftrated  by  the  Mafter,  if  d)e  Schdar 
reqmres  it.     For  the  Teacher  of  a  Science  is  boimd 
by  bis  Office,  if  he  defire  to  difcharge  it  faitMully 
and  anfwer  his  Charafter,  to  take  away  all  rcaibn- 
able  Scruple  fix)m  the  Student  j  therefore  if  the 
Principles  which  he  afliimes  be  obfcqre,  they  are  to 
be  illuftrated  with  Examples ;  if  doubrfiil,  they  arc 
to  be  conBrmed  from  other  Principles  more  known 
and  indubitable,  by  prolonging  the  Difcurfqs,  if 
need  be,  and  the  Student  require  it,  even  to  the 
very  firft  Principles  of  all.    £x.  gr.  If  any  one 
doubt  that  Principle  in  Optics,  That  the  Species  of 
a  viftble  Point  is  carried  or  irradiated  dire£lly  to 
every  Point  of  the  circumjacent  Medium  i  it  is  hence 
confirmed,  becaufe  we   experience,   that   an  ob- 
je6bed  Point  may  be  beheld  by  every  Situation  of 
the  Eve,  except  an  opaque  Body  be  fomewhere  in.- 
terpofcd  in  a  Right  Line  from  the  vifible  Point  to 
the  Eye.     And  indeed  moft  Theorems  of  Geometry 
are  Principles  in  refpeft  of  Optics,  Mechanics,  Aftro- 
jiomy  and  other  Parts  of  Mathematics,  i.  e.  dicy  are 
fuppofed  as  Truths  in  them,  widiout  any  Demon- 
ftration  at  all.     But  if  the  Truth  of  any  Theorem 
be  not  apparent  to  the  Stqdent,  it  is  incumbent  up- 
on the  Optician  (or  Mafter  of  any  other  Science) 
ID  demonftrate  it,  or  at  lead  to  fhcw  where  it  may 
be  found  demonftrated.     Nay  if  he  hefitate  at  any 
Geometrical  Axiom,  the  Teacher  cannot  in  Reafon 
avoid  the  Neceffity  of  demonflrating  it :  For  no 
pemonftration  can  be  reckoned  accurately  perfeft, 
and  ftriftly  fcientific,  which  reaches  not  the  original 
Fountains  of  Science,  even  to  fome  diing  fimply 
indemonftrabie,  Confirmed  by  its  own  Force,  and 
evident  frorp  its  own  Light.    For  then  ofdy  (bm 
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the  Philofopherj  ^vue  arefuppofed  to  know  a  Things 
ivben  we  know  Us  Jirft  Caufes  and  Principles^  even 
to  the  veryfffi  Elemems. 

But  ibme  willafk.  How  can  the  Truth  of  Geo- 
metrical Axioms  be  demonftratexl  ?  I  will  anfwer, 
by  other  Axioms  more  fimple,  if  any  fuch  there 
are,  which  are  to  be  drawn  from  fbme  higher  and 
more  univerlal  Science,  as  Metapfyfics  ;  I  iay  Me-- 
tMbyJics  which  is,  or  ought  to  be,  the  Treafure 
x>r  die  mdt  general  and  fimple  Notions  \  and  is 
therefore  by  (b)  Ariftotle  named  the  Mftrefs  of 
fill  Sciences  5  by  Proclus^  The  one  Jhoelefs  Science 
from  which  others  receive  their  Principles.  But  ifi 
by  the  Definidon  of  the  Terms  of  the  Axiom  [mxh 
poied  there  apnear  no  Axioms  more  Simple ;  as  if 
any  one  fhodd  doubt  whether  the  Whole  be  greater 
than  its  Part  *,  if  no  Theorem  or  Axiom  in  Meca- 
phyfics  can  be  found  more  certain,  more  evident, 
more  fimple  than  this,  by  which  it  may  be  demon- 
ftrated,  we  are  to  have  Recourie  to  the  Definidons 
of  a  Whole  and  a  Party  Greater  and  Lejfer ;  fix>m 
the  right  Pofition  of  which,  it  will  not  be  difficult 
to  dcmonftrate  that  Axiom.  And  the  fame  Rcafon 
holds  in  others.  Whence  alfo  it  appears,  that  it 
pertains  not  to  the  Nature  of  Principles,  nor  is  re- 
quired of  them,  that  they  appear  neceflarily  true 
In  themfclves,  or  immediately  evident  to  every 
Capacity  ;  but  only  to  him  who  comes  ready  and 
prepared  for  learning  that  particular  Science,  to 
which  the  laid  Principles  are  fubfervient,  i.e.  to 
the  ftudious  and  teachable  Mind.  Ex.gr.  The 
Theorems  of  Geometry  which  (as  was  jult  now  faid) 
do  acquire  the  Place  of  Principles  in  Optics  or 
Aftronomy,  are  more  manifeft  to  one  fkilled  in 
Geometry,  and  do  mod  eafily  command  hisAf- 
imt  s'but  are  hard  to  be  conceived  and  yielded  to, 

(b)  Anal.  Poft.  J.  9. 
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by  one  ignorant  of  that  Science ;  yet  they  do  not 
therefore  ceafe  to  be  Principles  bebnging  to  thofe 
Difciplines :  at  leaft  it  foUows  fix)m  thence,  that 
he  who  is  no  Geometrician  is  an  unfit  Perfon  to 
kam  them.  Jriftotle  therefore  teaches  wifely  and 
circumfpe6Uy,  diat  Demonftration  proceeds  not 
abfblutely  from  Things  manifeft,  but  only  in  fuch 
fort,  that  the  Things  admitted  do  draw  tlieir  Cbn- 
clufion  after  diem,  overipreading  it  with  their  Light, 
if  any  they  have.  The  Principles  dierefbre  of  no 
particular  Science  are  necefiarily  and  (imply  fclf- 
ievident  or'  indemonfbable,  but  only  ought  to  be 
ct^iUe  and  fuf&ciently  manifeft  to  a  well  pre- 
mred  Hearer,  (c)  Proclus  argues  not  ill  to  this 
Purpofc.  No  Science  f  feys  he)  demonftrates  its  own 
PrincipleSy  nor  makes  any  Difpute  ahma  tbemy  hut 
looks  upon  them  as  felf-evident  4  and  afterwards  they 
are  more  confpicuous.  And  Arifiotle  himfelf,  /  call 
alfo  them  Principles  in  any  particular  Science j  which 
cannot  be  demonftrated^  i.  e.  cannot  be  demcMiflrated 
in  a  particular  Science,  otherwife  they  would  not 
be  Principles  ;  but  perhaps  fome  of  them  both  can 
and  ought  to  be  demonflrated  without  it.  Again 
(d)  Ariftotle  intimates  that  a  Geometrician  as  fuch, 
lays  not  down  his  Principles,  nor  converfcs  with 
that  Science  where  it  fails  him  ;  but  has  Regard  to 
fome  other  Science  ;  and,  where  all  others  fail,  has 
at  laft  Recourfe  to  the  Science  which  is  common  to 
all  others,  viz.  Metaphyftcs. 

But  according  to  Ariftotle  the  primary  Condition 
of  Principles  is,  that  they  be  univerfally  and  ne- 
cefiarily true,  i.  e.  do  fuffcr  no  Exception  of  Place, 
Time  or  Chance  ;  and  it  is  repugnant  to  the  Na- 
ture of  a  Subject  for  the  Praiicate  not  to  agree 
with  it.  Otherwife  the  Conclufions  inferred  would 
become  falfe  and  uncertain,  and  not  a  certain  and 


(c)  Lib.  2.  p.  22.  (d)  Phyf.  I.  2. 
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firm  Science,  fuch  as  is    cxpefted   from  Dcnion- 
ftration,  but  Error  or  a  doubtful  Sufpicion  would 
be  produced.     For  in   every  fcientific  Syllc^ifin 
confifting  of  one  or  rabre  immediate  Princifdesj  the 
Principle  afiiimed  is  the  Major  Propofition  in  the 
firft  Figure  \  and  therefore  unlels  it  be  univerially 
true,  there  can  be  no  Argumentation,   as  is  well 
known  in  Logics.     And  if  there  be  any  Weaknels 
pr  Imperfeftion  of  the  Principles  (fuch  elpecially  as 
Particularity  and  Contingence)  it  will  be  neceffarily 
derived  upon  the  Conclufions.     Neverthelels  it  may 
be  of  Ufe  about  this  Verity  of  Principles^  to  take 
heed  that  it  be  not  of  one  Genus  nor  altogether 
Univocal,     For  the  Verity  of  that  firft  Principle 
concerning  die  impoifible  Coexiftence  of  Q>ntni- 
didory  Proportions  as  to  Truth  or  Fal/hood,  does 
feem  to  difier,  as  it  were,  in  Specie  from  the  Verity 
of  all  other  Principles.    For   with  refpeft  to  its 
0%in,  whatfoevcr  it  may  be  concerning  others, 
this  Nodon  at  leafl:  does  feem  to  be  immediately 
connate  with  our  Minds,  and  implanted  in  us  by 
God,  together  with  the  Faculty  of  Reafoning  to 
which  it  is  intrinfccally  annexed.     For  there  can  be 
no  Reafoning  without  the  Admiflion  of  this  Prin- 
ciple, nay  all  Ratiocination  tends  to  this,  to  this  it 
is  reduced;  fo  that  theAdverfary  is  compelled  to 
contradift  himfelf  by  admitting  the  greateft  of  all 
Abfurdiries  that  Contradiftory  Propofitions  may  be 
both  true.      If  this  be  not  granted,  all  Reafon, 
all  Difquifition  or  Difputation  about  Truth  is  en- 
tirely vain  and  infignificant.     This  depends  upon 
no  other  previous  Notion,    Suppofition  or  Argu- 
mentation, but  is  included  in  all  Reafonings,  as  the 
Foundation  upon  which  they  are  built,  and  the  In- 
ftfument  whereby  we  are  rendered  capable  to  rea- 
fon about  other  Things.     Therefore  tliis  Principle 
fcems  to  be  eminently  true  above  others,  (e)  Where- 
(^/j  Metaph.  III.  3.   &  XI.  7. 

fore 
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fore  all  Demonftratwis  (Gljs  Anftale)  are  reduced 
to  this  Notion.  For  this  is  by  Nature  the  Prin- 
eiple  of  all  other  Axioms. 

Almoudi  in  Stridnefi,  becaufe  a  valid  Syllo- 
gifm  fhould  walk  upon  two  ht^  and  ic  is  not 
mfBcient  for  onl^  one  of  the  PrenufTes  to  be  un- 
doubtedly true.  It  is  perhaps  neceflary,  that  one  or 
two  Axioms  ought  to  be  required  as  [Heparatory  to 
all  Reafonings  ;  viz.  thefe.  That  Senfe  in  its  own 
Way  is  an  undoubted  Criterion  of  Truths  or  that  the 
Appearance  of  a  fUng  is  a  certain  Dtfcovery  of  its 
Exiftence.     Alfo  that  the  PoftbiUty  of  a  nif^  is 
argued  from   the  Exiftence  of  its  Like }    or  that 
from   an  entire   Parity  of  Reafon  a  Conjifuence 
may  be  drawn  of  a  Pojfibilit^  of  Exiftence.    For 
all  Science,  ail  Aigumentanon  ieems  to  dcpcnA 
upon  a  tacit  Suppofition  of  thcfc.     Since  no  other 
Truth  of  other  indemonftrable    Principles    docs 
fcem  to  be  required    befides  a    fufficiendy  ma- 
nifeft  Poffibility  of  the  Conception  which  is  formed 
in  the  Mind,  concerning  the  Exiftence  of  fome 
Property  -,   i.  e,   that   we  conceive    and    fuppofe 
fomething  to  be  done,  which  really  may  be  done. 
As  ex.  gr.  when  we  fuppofe  that  two  Things  may 
fill  the  fame  Space,  be  congruent  with  one  an- 
other, or  coextended :  That  a  Right  Line  may  be 
drawn  between  two  Points :  That  a  Right  Line 
may  be  turned  about  with  one  of  its  Extremes  at 
reft,  till  it  come  to  its  firft  Pofirion :  That  the 
Earth  may  be  interpofed  in  the  fame  Right  Line 
between  the  Sun  and  Moon  :  Becaufe  there  is  No- 
thing impoflible  or  inconfiftent  contained   in  thefe 
Pofitions  or  Conceptions  •,  therefore  thcfe  are  called 
HypothefeSy  and  ought  to  be  granted  as  true.     And 
their  Truth  is  nothing  elfe  but  the  poffible  Con- 
nexion of  a  Subjeft  with  its  Predicate,  which  we 
clearly  perceive,    but  perhaps    cannot  otherwife 
prove^  but  by  ^  (Iniibr  Example  or  Experiment, 

/.  e.  by 


jlc  to  be  Quadrangular  ;  a  Body  to  be  indi- 
•,  or  a  Man  to  be  void  of  Senfe  and  Rea- 
if  a  Square  be  required  to  be  made  or  fup- 
to  exilt  with  its  Diameter  commenfurate  to 
les ;  a  Triangle  two  of  whofe  Sides  are  equal 
!  third  ;  or  a  Circle  whole  Circumference  is 
imes  its  Diameter  :  Since  it  is  repi^nant  for 
Things  to  exift,  at  leaft  fince  never  the  like 
:  any  Time  occurred  to  the  Mind,  or  the 
ience,  it  follows  that  all  fuch  Propofitions 
to  be  repudiated,  and  not  admitted  into  the 
f  Prinaples. 

\m  which  Obfervations  it  feems  to  follow^ 
rvery  Demonftration^  to  make  it  eflEe6hjally 
does  in  Ibme  fort  iuppofe  the  Exiftence  of 
not  only  on  the  Part  of  the  knowing  Power 
culty,  but  alfb  on  the  Part  of  the  knowable 
t.  Cartefms  has  very  well  obfervcd,  that  to 
us  abfolutely  certain  of  our  having  attained 
*ruth,  it  is  requh^  to  be  known  whether 
faculties  of  apprehending  and  judging  the 
t  be  true,  which  can  only  be  had  from  the 
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Things  do  exift^  whkih  are  called  or  coooeived 
to  be  poflTible-,  therefore  a  Demonftration  fup- 
pofes  the  Power  which  efFe£teth  all  Things  tlut 
are  conceived  or  fuppofed  under  the  Nodon  of 
PoHibles,  u  e.  the  infinite  and  incomprehenfible 
Power  of  God,  which  can  produce  whatfbever 
Efiedts  we  are  able  to  conceive  as  poffible,  and  in- 
numerable other  beyond  our  Comprehenfion.  Every 
Demonftration,  I  fay,  fuppofes  true  HypocheJes; 
the  Truth  of  an  Hypotheus  intimates  the  poffible 
Exiftence  of  the  Thing  iiippofed  j  this  PoSfibility 
denacs  the  efficient  Gaufe  of  the  Thing  (fince 
otherwife  it  would  be  impoflibie  for  it  to  enft) ; 
and  the  efficient  Caufe  of  all  Things  is  God.  But 
I  will  not  purjiue  this  Digreffion  any  farther. 

Hence  alfo  it  follows,  that  Demonftrations  may 
be  made  of  Things,  which  never  had  Exiftence 
any  where  ;  becaufe  it  is  fufficient  for  a  Demon- 
ftration to  aflyume  true  Hypothefes,  i.  e.  fuch  as 
imply  no  Inconfiftence  in  themfclves.  Ex.  gr. 
Galil(£U5  thinks  that  he  invented  a  new  ScKncc 
concerning  Motion,  by  fuppoftng  that  heavy  things 
are  naturally  carried  towards  the  Center  of  the 
Earth  with  a  Motion  uniformly  accelerated^  i.  e. 
with  fuch  a  Motion,  that  as  it  recedes  from  Reft, 
it  continually  fuperadds  to  itfelf  equal  Moments 
of  Celerity  in  equal  Times.  But  if  it  be  falfe  (as 
I  think  it  not  always  true  concerning  many  CaufesJ 
that  there  is  fuch  a  Motion  in  the  prefent  CEco* 
nomy  of  Nature  -,  yet  becaufe  fuch  a  Motion  nuy 
exift  at  the  Pleafure  of  God,  as  implying  nothing 
in  it  contrary  to  Poffibility,  therefore  the  Conclu- 
fions,  which  refult  by  a  lawfiil  Inference  from 
fuch  a  Suppofition,  ought  to  be  accounted  for 
lawful  Demonftrations.  In  like  manner  though 
what  is  fuppofed  in  Mechanics,  viz.  that  every 
Point  of  heavy  Bodies  do  prefs^  endeavour^  or  in- 
-line to  Motion  along  Right  Lines  parallel  to  one  an- 
other 
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itber  and  perpendicular  to  the  Horizon^  and  confe- 
quently  that  equal  Weights  do  equiponderate  at  equal 
Difiances\  I  iay,  though  this  be  really  contrary 
ID  Nature,  and  in  that  refpeft  fa\k  ;  yet  becaufe  it 
may  be  clearly  conceived,   that  all  Bodies  may 
have  fiich  Propenfions,   the  Conclufion  therefore, 
which  is  built  upon  fiich  an  Hvpotheiis,   ought 
to  have  the  Dignity  and  Title  of  a  Demonjirative 
Theorem.    And  the  fame  Way,  though  what  Pto- 
lemyj  Copernicus^   and  all  other  Aftronomers  ad- 
vance, viz.  That  the  Motion  of  the  Stars  is  in  per- 
feS  Circles  or  Ellipfes^  and  that  they  are  every  Way 
regular  and  equable  ;  alfo  that  thrf  keep  the  fame 
Periods  of  the  Times j  and  the  fame  Orbits^  mtb  a 
perpetual  Conftancy^  and  other  fuch  Things  of  this 
variable  and  uncertain  Nature  ;  I  fay,  thougK  I 
imagine  all  thefe  to  be  falfe,  at  leaft  unknown  in 
refpeA  of  thofe  Stars ;  yet  becaufe  nothing  hinders, 
but  God  may  create  fiich  a  World,  where  the  Stars 
will  exaftly  agree  with  fiich  Motions ;  therefore 
the  Demonftrarions  depending  upon  fuch  Hypo- 
thefes  are  moft  true,   and  their  Ailronomy  true, 
not  indeed  of  this  World,  but  of  the  other,  which 
is  fuppofed  capable   of   being  created  by  God. 
For  Giod  has  given  us  the  Power  of  creating  in- 
numerable imaginary  Worlds    in   our  Thoughts, 
which  himfelf,  if  he  pleafe,  can  caufe  to  be  real. 
LafUy,  though  no  fuch  Notions  be  ever  found  in 
the  Namre  of  Things,   as  Geometricians  fuppofe 
to  be  defcribed  by   Spiral  UneSy    Siuadratrices^ 
Conchoidsy  Cijfoidsy  &c.  notwithflanding.fince  no- 
thing hinders,  but  there  may  be  fuch,  as  well  as 
many  others  not  unlike,  which  we  daily   Expe- 
rience,   therefore    the  Conclufions,    which  follow 
from  fuch  Suppofitions,  are  righdy  demonftrated. 
For  the  Dommions  of  Reafbh  do  fdx  exceed  the 
Limits  of  Nature  j  the  intelligible  World  is  vaftly 
farther  extended  and  more  difii^ivc  than  the  fenfible 

World, 
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World,  and  the  Undeifbnding  conttmphtts  many 
more  Things  than  die  Senle. 

Every  particular  Science  of  this  Kind  produces 
its  own  Hypothefes,  which  require  no  odier  Proof, 
but  to  be  eitplained  and  denrKxwiated  by  fbme  Ex* 
ample  or  Experimenr  more  inteliig^le,  and  fuit- 
able  to  the  Capacity  of  theLeamer,  and  their  Pdf* 
fiUlity  made  evident  as  &r  as  it  may  be  done  ;  to 
which  if  he  obftinatdy  refufe  to  acquielce,  nothing 
remains  but  to  give  up  all  Thoughts  of  anv  fur- 
ther proceeding,  and  die  Way-ward  Perlon  be 
1^  to  his  own  Liberty,  as  an  unfit  Learner  of 
the  Science  propofed.  Ex.  gr.  If  any  one  deny 
diat  the  j4ane  Figure  Cwhich  is  called  a  Circk) 
miff  beproducid  ff  the  Rotation  of  a  RMt  Imc^ 
and  [wUl  not  be  convinced,  diat  any  tam  Thing 
can  be  done  or  conceived  (by  the  obvious  Ufe  of 
a  Pair  of  Cbmpafles,  or  the  Revolution  of  a  Wheel 
above  its  Center),  he  is  to  be  admonilhed  to  apply 
himfelf  to  fome  other  Study,  and  no  more  concem 
himielf  with  Geometry. 

Moreover  it  will  alio  appear  hence,  what  and  what 
Sort  of  Truth  that  Kind  of  Principle  obtains, 
which  is  wont  to  be  called  a  Definition  ;  viz.  that 
it  is  a  Propofttion  Jhewing  the  Name  of  fometbing 
that  refuUs  from  fome  po^tble  Suppofition.  As  fw 
.Example,  (for  I  always  (hidy  to  illulbxite  Mat- 
ters widi  the  moft  eafy  and  familiar  Examples^ 
if  we  fuppofe  three  Right  Lines  fo  to  meet  in 
Ibme  Plane,  as  to  include  Space,  or  conflitute  a 
certain  Figure,  I  call  that  included  Space  or  con- 
ftitutcd  Figure  a  triangle  •,  whence  we  have  the 
following  Definidon  of  a  Triangle,  A  Triangle  is 
a  plane  Fiture  comprehended  by  the  Concurrence 
of  three  Ri^t  Lines.  If  we  fiippofe  a  Semicirde  to  be 
revolved  sSxHit  its  Bafis  or  Diameter  which  is  at  reft, 
till  it  be  reftored  to  its  firft  Situation,  I  (tile  die  Body 
produced  by  that  Rocationa^jp^r^}  whence  theDdEb- 
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ludon  of  a  Sphere  will  be,  a  Body  generated  frcm  one 
compleai  Revolution  of  a  Semicircle  about  its  Dia^ 
meter.  Laftly,  If  we  fuppofe  the  Earth  to  be 
dbced  between  the  Sun  and  Moon,  from  which 
Pofition  the  Light  of  the  Sun  is  intercepted,  and 
die  Obfcuration  of  the  Moon,  which  is  called  an 
Eclipfe^  refiilts  ;  hence  the  Definition  of  an  Eclipfe 
is,  an  Obfcuration  or  Privation  of  Light  in  the 
Moon  by  Reafon  of  the  Interpofttion  of  the  Earth. 
Hence  we  perceive  that  the  Truth  of  a  Definition 
b  merely  aroitrary  as  to  its  Subjeft.  For  that  is  no 
more  than  a  mere  Name  impofed  contingently,  and 
at  pleafurci  being  either  feigned  by  the  Teacher  of 
the  Science  of  his  own  Authority,  or  taken  fi-om 
common  Ufe^  or  approved  by  the  Confent  of  the 
Learned;  and  no  where  fignifies  the  Thing  defined 
from  its  own  Nature,  but  altogether  from  die  In- 
ftitution  of  Men :  Wherefore  that  Name  can  no 
otherwife  be  demonftrated  to  agree  with  the  Pre- 
dicate, than  by  appealing  to  the  Authority  of  Lexi- 
cons, to  vulgar  Ufc,  to  the  Suffrages  of  the  Learn- 
ed, or  at  leaft  by  arrogating  to  one's  felf  that 
Right,  which  belongs  to  any  Teacher*  But  as 
to  the  Predicate,  it  appears  that  the  Truth  of  any 
Definition  depends  upon  the  Pofllbility  of  the  Hy- 
pothefis  which  it  includes,  fo  that  to  make  a  De- 
finition true,  the  Name  afligned  muft  belong  to  a 
Thing  following  fome  poflible  Suppofition  expref- 
fed  in  it.  From  whence  moreover  it  appears,  that 
Definitions  of  their  own  Nature  are  no  otherwife 
demonftrable,  than  the  Hypothefes  themfelves  are, 
from  which  they  proceed ;  i.  e.  than  by  (hewing 
that  the  Name  is  adapted  to  a  Thing  having  a 
manifeftly  poflible  Condition  in  Nature,  according 
to  what  IS  inculcated  above.  For  properly  fpeak- 
in^,  that  which  is  impoflible  and  inconfiftent  has 
neither  Definition  nor  Affedtion.  Wc  may  under- 
ftand  yriihAriJlotley  what  is  fignified  by  the  Word 
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fftrcocervusy  but  it  cannot  be  defined ;  becaufe  fuch 
a  Thing  cannot  cxift.    As  to  the  Truth  of  all  other 
Axioms,  it  b  derived,  as  was  juft  now  infinuaoed, 
fix)m  the  Prefuppofition  of  the  antecedent  Dcfini- 
rions,   by  a  lawful  Argumentation.     As  ex.  gr. 
thefe  Axioms  which  occur  in  the  Elements :  AU 
Right  Angles  are  equal.     Right  Lines  include  no 
Space :  AU  Right  Lines  drawn  frtm  the  Center  rf 
a  Circle  to  its  Circumference  are  eyial ;  the&»  I 
lav,  may  eafily  be  inferred  from  the  lufl  Definitions 
ot  a  Right  Angle,  Equality,  included  Space,  and 
a  Circle ;  but  ou^  to  be  inferred  fo,  as  to  pre- 
ferve  the  I^gnity  of  Axioms.    And  I  doubt  not 
iHit,  after  the  fame  manner.  Things,  wMch  feem 
moft  clear   of  themielves,    and  do  moft  readilv 
command  the  Aflfent  of  every  Hearer,  may  wim 
the  utmoft  Quicknefs  be  gathered  from  Definitions. 
And  becaufe  the  Suppofitions  fix)m  whence  thefc 
Definitions  do  refult,  as  above,  are  of  all  Things 
the  mofl  evidently  pofTible,  as  being  daily  agree- 
able to  innumerable   obvious   Experiments,    and 
moft  fimple  in  their  own  Nature,  fo  as  not  to  efcape 
the  Obfervation,  or  exceed  the  Capacity  of  any 
one  •,    but  do  moreover  follow  thefe  Axionnis,  not 
after  long  Circumftances  but  immediately  ;  hence 
die  Difcurfus  by  which  they  are  proved  becomes 
imperceptible,  or  altogether  none  at  all,  as  it  ufu* 
ally  happens ;  thofe  Things  which  are  moft  eafily 
done^  are  not  perceived  how  they  are  done.     Juft 
as   it  happens  with  an  accomplifhed  and  fkUful 
Mufician,   who  fcarce  feems  to  himfelf  to  touch 
the  Inftrumerit  fb  much  by  Art,  as  Inftinft,  hard- 
ly perceiving  the  Motion  of  hi$  own  Reafbn,  or 
the  Exercife  of  his  Memory.    For  becaufe  we  daily 
fee  various  Magnitudes  in  part  to  agree  with  one 
another,  as  to  all  the  Sorts  of  Dimenfions  applied 
10  them,  viz.  to  fill  the  fame  Space,  or  be  extend- 
ed between  the  fame  Bounds  s  we  therefore  eafily 

grant 
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fuch  to  be  fuppofed :  And  alfo  fince  it  is 
rmcd  by  Ufc,  that  the  Habitude  or  Relation 
[i^nitudes  one  with  another,  which  rdiilts 
this  Suppofidon,  is  called  Equality  ;  we  thence 
cither  deduce  of  ourfelves,  or  grant  to  others 
ling  it  (by  Reafon  of  our  fpeedy  Appre- 
m  of  the  Poflibility  of  the  Hypahefis,  and 
Lgreement  of  the  Definidon),  that  whaffoever 
iitudes  are  equal  to  the  £ime  Magnitude,  are 
qoal  to  one  another.  Therefore  even  the  mod 
Axioms  do  fcarce  any  otherwife  difier  from 
Theorems,  but  as  they  approach  nearer  to 
irft  and  moft  limple  Hypothefes  and  Defini- 

and  confequendy  are  more  briefly  and  eafily 
nftrated. 

om  what  has  been  faid,  may  be  known  die 
inal  of  all  Natural  Science,  and  the  gqiuine 
lod  of  reafon ing  even  from  the  firft  Foun- 
of  Knowledge  ;  which  is  nearly  thus.  The 
I,  fix)m  the  Obfervation  of  the  Things  ob- 
^  takes  Occafion  of  framing  like  Ideas,  which, 
on  as  it  clearly  perceives  to  agree  with  the 
gs  that  may  exift,  it  affirms  and  fuppofes  ; 
ippropriaring  Words  to  them  forms  Defini- 

and  from  the  Confiderarion  and  Comparifon 
:fe  together  it  draws  ConfequenceS  and  makes 
rems,  which  being  joined  together  into  certain 
ms  do  compofe  pardcular  Sciences. 
>m  whence  again  it  feems  to  follow,  that 
is  no  need,  at  leaft  in  Speculadve  Sciences, 
iippofing  any  phyftcal  Anticipations^  common 
w,  or  congemte  Ideas  ;  fince  the  Mind  may 
fficiently  inftrufted  widiout  them,  and  by  its 
re  Power  acquire  to  itfelf  the  neceflary  Prin* 
and  Means  of  Science,  as  has  been  fhewn. 
Thif^  indeed  is  different  with  Regard  to 
caJ,  by  which  I  chiefly  mean  moiul,  Sci- 
:  For  the  Principles  of  thefc  do  not  fo  much 
I  2  fccm 
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feem  to  be  gathered  by  Difcouife,  as  to  flow  fix>m 
Appetite  or  natural  Inftinct.  Ex.  gr.  Such  Prin- 
ciples of  moral  Science  as  thefe ;  fVbatfoever  is 
agreeable  to  Nature^  pleafant^  and  profitable^  is  to, 
be  loved^  embraced  and  purfued :  Every  Tbit^ 
hurtful  to  Nature^  unpleafant^  and  unprofitable^ 
or  which  brings  Lofs^  Griefs  or  Deftruition  along 
with  it  J  is  to  be  abominated  and  avoided.  I  fay, 
ilich  Axioms  do  not  feem  to  depend  upon,  or 
be  derived  from,  any  Argumentation,  but  to  be 
known  the  fame  Way  as  we  fee,  that  bittserXaftcs, 
flunking  Smells,  frighthil  Speftacles,  and  other 
Things  ungrateful  to  Senfe  are  avoided,  even  by 
Brutes  themfelves,  and  the  contrary  Things  cm- 
braced  by  them.  Therefore  we  affirm  nodiing' 
concerning  fuch  Sciences,  but  confine  ouHelves  to 
fpcculative  Sciences.  Nor  do  I  very  ftifHy  deny, 
tnat  there  arc  at  all  fuch  common  Notions  in  thefe ; 
hut  I  am  hence  inclined  to  think,  that  they  are  not 
fuppofed  ncceflarily,  much  lefs,  that  there  is  any 
need  to  invent,  or  devife  any  Platonic  Remem^ 
hranccs^  and  I  do  not  know  what  Kefufcitadons  of 
the  Mind  as  afleep. 

Moreover  it  fcems  no  lefs  to  appear  hence,  that 
the  Truth  of  Principles  does  not  folely  depend  on 
InduHio^iy  or  a  perpemal  Obfervation  of  Particu- 
lars, as  Arijhtle  leems  to  have  thought  ;  fince  only 
one  Experiment  will  fuffice  ("provided  it  be  fuffi- 
ciently  clear  and  indubitable^)  to  eflablifh  a  true 
Hypothefis,  to  form  a  true  Definition  ;  and  confe- 

?uently  to  conftitute  true  Principles,  I  own  the 
trfeftion  of  Senfe  is  in  fome  Meafure  required  to 
eflablifh  the  Truth  of  Hypothefes,  but  the  Univer- 
fality  or  Frequency  of  Obfervation  is  not  fo. 

I  might  here  adjoin  many  Things,  but  thefe 
may  fuffice  to  be  ipoken  in  general,  concerning 
the  Nature  of  Principles,  And  indeed  I  have  pro- 
longed my  DifcQurie  upon  thefe  Things   longer 
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loi^ht,  and  perhaps  than  I  ought,  or 
ccq)table  to  you  -,  the  Meditation  infen- 
ing  me  on.  Yet  I  hope  not  altogether 
Jy,  fince  it  is  in  the  higheft  Degree  ex- 
it foch  as  ftudy  the  Demonftrative  Sciences 
,  thorough  lOiowIedge  of  the  Nature  of 
ation  itfelf.  Wherefore  I  hope  you  will 
lis  Freedom,  and  take  what  1  have  faid 
^art,  as  proceeding  only  from  an  attentive 
tion  of  the  Thing,  and  examine  it  freely 
aitly. 

apply  myfelf  to  diftinguifh  the  Species 
fles^  i.  e.  xo  enquire  how  many  different 
Principles  there  are  :  Which  Controverfy 
:  may  be  eafily  decided  from  what  has 
idy  &id,  yet  I  think  it  worth  the  while 
the  Thoughts  of  others,  that  ye  may  be 
Ic  to  judge  what  is  moft  agreeable  to 
ifter  a  due  Confideration  of  the  Opinions 
8ut  I  am  not  willing  to  provoke  your 
farther  at  the  firft  Onfet,  wherefore  I  will 
Difquifition,  with  feme  other  Things  con- 
Principles^  perhaps  not  unworthy  your 
ion,  unto  the  next  Lefture, 

LECTURE    VIII. 

'  tbe  Divifion  of  Firft  Principles, 

^E  very  lately  made  fome  general  Obfer- 
IS  concerning  the  Nature^  Condition^  Ori^ 
Truib  of  Principles.  It  remains  that  wc 
ivhat  Authors  deliver  and  what  Reaibm 
K>nceming  the  Number  of  their  different 

I  3  Sincf 
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Since  Ariftotle  feems  a  little  obfcure,  and  abnoft 
inconfiftent  with  hiniielf,  in  this  Matter  ;  we  nmft 
not  entirely  Mow  his  Opinion^  yet  we  will  en* 
deavour  to  find  it  out  oy  comparing  di£ferent 
Places,  and  examine  it  when  found*  In  the  Sicmid 
Chapter  of  ^firft  B$A  of  the  latter  F^  of  hii 
Analyticsj  he  maJces  three  Kinds  di  Syibg^sl 
Principles  J  viz.  Jxiamsy  Hypotbrfes  and  Defimtms^ 
For  fim  he  diftmguifhes  them  itixojtxioms  and  Pf« 
fitions\  and  then  iubdivides  P^/i0)ii  into /i^^o/6^i 
and  Defimtions.  The  Nature  of  an  Axiom  he  thUs 
earplains,  that  it  isfucb  a  SylUmfiical  PrincipUj  as 
cannot  (or as  ought  not  to)  bidenrnfirated^  anifbi 
Learner  ought  to  han)e  (i.  e.  underfbuid  or  admit) 
it  necejfarily.  And  an  Hypothejis  and  Defimtion^ 
as  they  are  comprehended  under  the  more  general 
Name  of  Pofition^  he  defines  conjunftly  to  be 
fucb  a  Principle  of  Dcmonjtralion  as  likewife  canntft 
(or  ought  not  toj  be  demonftratedy  and  is  not  under- 
ftood  by  the  Learner  of  Necejfity.  Then  thefe,  as 
fhey  are  diftinguiflied  from  one  another  he  de- 
fines thus.  An  Hypothefis  is  a  Pofition  which  takes 
Something  lo  be  or  not  be ;  as  diat  there  isMagnituck, 
that  Unity  is  granted.  A  Definition  he  pronounces 
fo  bt  a  Pofition  which  affumes  that  Something  is : 
as  tlmt  Unity  is  an  undivided  Quotity  ^or  Quan- 
tity). But  in  the  tenth  Chapter  ot  the  fame  Traft, 
he  feems  to  aflign  three  other  Kinds  of  Principles^ 
viz.  Common  Axioms,  Hypothecs  and  Populates. 
And  he  thus  diftinguifhes  Hypothefes  from  Pofiu- 
fates  :  When  (fays  he)  he  ixjIjo  demonjlrates  affumes 
without  Proof  whatfoever  may  be  demonjlrated^  and 
if  they  are  agreeable  to  the  Learner,  fuppofes  them^ 
neither  is  thisfimply  an  Hypothefis  but  in  refpeU  oj 
him  alone  \  but  if  the  Learner  have  no,  or  even  a 
contrary  Opinion  of .  thefe  Things,  then  is  fuch  an 
affuming  of  them  a  Poftulate.  And  an  Hypothefes 
fsnd  Poflulate  dififr  in  this.  For  a  Poftulate  is 
• (hat 
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ibiU  wbicb  is  hejidesj  or  contrary  to  the  Notim  ofibf 
Learner ;  «r  which  ^  when  it  is  demonfirable^  u  re^ 
ceived  and  applied  without  Demonftration.    So  that 
from  the  Comparilbn  of  thefe  Places,  there  ieem 
to  be  five  Sorts  of  Principles^  according  to  Ari- 
fietle^  viz.  Axioms^  IndemonftrabU  SuppqfitionSj  De- 
Jimtitmsj    demonfirable  Suppofitions^  and  Ptfiulates^ 
But  diofe  before  are  contrary  in  Specie  to  thefe  deli- 
vered here.   For  there  he  fcems  to  deliver  Principles 
abfolutely  indemonftrable,  a  Pojition  being  defined 
that  ^rfiich  is  not  to  be  demonftrated  *,  but  here 
he  ezprelly  declares  the  Hypothefes  ^d  Populates 
afliimed    to    be   demonftrable.     For  reconciling 
which  Things,  it  may  be  faid,  that  in  the  for* 
mcr  Place  the  Philofopher  refpedts  the  firfi  Prin^ 
ciples  of  every  Science   (imply,   which  certainly 
Ihould    not   be    demonflrated,    fince    thus    they 
would  not  be  the  firft  ;  but  in  the  latter,  he  points 
at  the  particular  Principles  of  the  fubiefted  Sci- 
ences,   which   nothing  hinders  but  they  may  be 
demonftrated  (as  has  been  ihewn  above ;)   or  at 
leaft,  he  means  that  no  Principles  may,  or  ought 
to  require,   or  admit  of  Pro^  in  that  Science, 
where  they  are  ufed  as  fuch,  tho'  in  others  they 
may. 

But  (bmething  I  diflike  in  this  Ariftotelian  Ac- 
count of  Principles  and  their  Explication,  which 
I  (peak  with  all  due  Regard  to  the  Honour  of 
that  great  Man,  for  whom,  notwithftaiiding,  I  pre^ 
fcrvc  the  greateft  Veneration  and  Efteem,  by  reafon 
of  his  moft  profound  Wifdom  and  extenfive  Learner 
ing,  and  would  have  all  Men  to  do  the  fame.  His 
Trichotomy  indeed  into  Hypothefes^  Definitions^  and 
Axioms  J  ZS.XQ  what  belongs  to  the  Members  of 
the  Divifion  in  g^eral,  and  with  Refpedt  to  eve-» 
rv  Sconce,  feems  to  be  moft  perfed: ;  but  as  to 
the'  Explication  otherwife.  For  he  fhews  in  hi^ 
£;B^xipies,  that  he  underftands  nothing  elfe  bv  an 
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Hypothefis  than  the  Pofition  or  AJfertUm  of  t)y 

iftence  of  the  Subjcft  concemii^  whkhit  is  ti 

in  any  Science  or  Demonftration.    As,  (f) 

Unity  may  he  given,    fbaf  Magmtude  nun 

It  muji  be  taken  for  granted,  (lays  he) /Mi 

Unity  and  Magnitude  do  exiftj  but  the  Efcifti 

the  refi  is   demonftrated.    But   fuch    an  H^ 

fis  feems  to  be  alto^ther  unfit  for  Science^ 

nothing  csn  be  inferred  from  it,  nor  is  it  w 

enter  any  S/llogifm.    For  pray  what  Cone 

can  follow  or  be  derived  from  hence  that 

ftitude  man  be^  or  may  be  given ;  that  it  n 

can  exift  f  None  indeed  diat  I  can  find.    Bui 

hence  that  it  is  fucb^  that  it  is  endowed  mil 

a  Properly y  thai  it  may  obtain  Jucb  a  Situati 

fucb  a  Motion  J  it  may  follow,  from  the  adn 

and  comparing  of  feme  Properties,  th^t  it  ( 

others  along  with  them,     Therefore  the  afc 

Suppofition  is  not  righdy  taken  for  a  Prim 

Demonltration.     For  it  belongs  to  fuch  a  J 

pie  that  it  be  fit  to  becet  fomething,  as  a  C 

fion  from  itfelf,  and  ferve  for  the  Proof  of 

But  from  the  bare  Pofition  of  a  Subjeft,  ! 

isy  nodiing  elfe  can  follow  but  ^bat  it  is^  viz 

iberefore  it  is.     I  own  indeed,   that  antea 

fome  Knowledge  or  Conception  of  a  Sub 

prefuppofed  to  the  Science  of  all  Things, 

as  every  Propofition  is  gathered  from  ina 

Terms,  which  can  be  no  othcrwife  apprel 

than  as  fignificarive  of  Things  having  fonn 

of  Eflfence,  i.  e.  by  conceiving  or  fuppc^ 

they  are  •,  but  incomplex  Terms,  implying  E 

are  not  therefore  the  Principles  of  Demonfti 

but  rather  the  Matter  or  Integral  Parts  oft 

I  do  alfb  very  much  difapprove  of  that 

lion  of  ArtfiotUj  tbat  a  Definition  affirms  i 

(f)  I.  Poft.    IQ.   8. 
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or  receives  neither  Part  of  a  Contradi£lion  -,  /•  r. 
he  takes  a  Befifdiion  not  for  an  entire  Propofition, 
but  only  for  its  Predicate ;  as  ex.  gr.  that  be  is  a 
ratumal  Animal  is  the  Definition  of  a  Man,  and 
for  that  Reafbn  a  Principle  of  Demonftration  ;  but 
not  this  Propofition,  A  Man  is  a  rational  Animal. 
But  how  agreeable  is  this  with  his  own  Defini- 
tion of  a  Principle,  inz.  that  it  b  an  immediate 
Propofition  •,  and  how  conformabk  to  the  Nature 
and  Quality  of  a  Principle,  which  requires  diat 
jt  be  a  ^rutb't  and  fuch  a  Tiruth  as  may  have 
other  'Truths  deduced  fix)m  it  ?  For  fince  Truth 
is  the  Q^lity  of  a  perfedb  Propofition,  and  not  of 
a  fimpleTenn,  therefore  nothing  can  be  drawn  from 
the  Apprdicnfion  of  the  latter.  Why,  accordbg 
to  him,  is  a  Definition  named  a  certain  Pofttion^ 
if  nothing  be  put  or  affirmed  ?  How,  laflly,  can 
it  but  be  very  abfurd,  thus  to  take  a  Definition  with 
Axioms^  which  are  perfeft  Propofitions,  and  with 
Hypotbefes  which,  according  to  himfelf,  do  affirm 
fomething,  are  compared,  conjoined,  and  agree 
together  the  fame  way  as  Principles  ?  The  Defi- 
nition^ which  is  accounted  a  Principle  of  Demon- 
ftration, is  really  a  compleat  Propofition  predi- 
cating concerning  the  propofed  Subjeft  fome  Af- 
feftion  of  itfelf,  which  is  ufcful  for  inferring  other 
AfFeftions.  I  fay  it  is  a  certain  fpecial  Propo- 
fition of  a  demonftrative  Syllogifm,  Ihcwing  the 
Cauie  of  the  Property  demonftratcd,  as  far  as  it 
may  be  done.  Indeed  an  incomplex  Definition, 
or  the  Predicate  of  a  complex  one,  may  be,  and 
moft  fi-equently  is,  the  Mean,  or  Argument  found 
and  made  choice  of,  for  raifing  a  Deinonflration ; 
but  it  is  not  therefore  a  Principle,  no  more  than  a 
JVbole  and  a  Part  are  therefore  Principles  of  De- 
monftration, becaufe  that  Axiom,  The  Whole  is 
greater  than  its  Partj  is  reckoned  among  Princi- 
ples,    I  fay  nothing  that  Arijiotle^s  AfErmadon  is 

not 
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not  always  true,  that  jixioms  cannot  be  demonftraiedj 
becaufe  his  Words,  as  was  hinted  above,  do  ad- 
mit of  fome  Excufe,  and  an  nfefiil  PropdGtion. 
But  of  the  other  two  kinds  of  Principles  he  fubjoins 
viz.  Hypotbefes  and  Poftulatesj  which,  the*  odier- 
wife  demonftrable,  are  afliimed  by  the  Demon- 
ftrator  as  granted,  thefe  I  imagine  differ  nodiing 
9t  all  from  jixioms.  For  whatSfoever  may  be  de- 
monftrated  is  a  Theorem ;  but  a  Theorem  which  is 
not  proved  in  any  particular  Science,  but  is  taken 
from  ibme  fuperior  one,  obtains  the  Place  of  an 
Axiom  in  that  particular  Science. 

But  I  fee  very  little  Foundation  for  jtrifioUf% 
Piitinftion  between  an  Hypotbefis  and  Ptfitdate^ 
that  a  Learner  fhould  willingly  fubfcribe  to  that, 
but  diilent  from  this.  For  nowfoever  it  be  con- 
cerning the  preconceived  Opinions  of  a  Learner, 
which  matter  nothing,  whether  they  agree  or  diA 
agree  with  the  Mind  of  the  Teacher  ;  yet  before 
the  Learner  comes  to  an  efficacious  Demonftra- 
tion,  it  is  neceflary  for  hun  to  give  his  Alient 
to  certain  Principles  propofed,  otherwife  he  will 
perceive  no  Science  to  have  been  inbred  with 
him.  It  may  happen,  that  the  Learner  may  have 
JPrejudices,  but  what  is  this  to  the  Purpofe  of.  the 
Science  ?  If  he  have  any,  he  muft  throw  them 
off,  or  lay  them  afide  •,  and  be  convinced  by  the 
Matter's  Arguments,  or  inftrufted  by  clear  Exam- 
ples of  the  Matter  propofed,  before  he  can  obtain 
a  perfeft,  abfolute,  and  properly  called  Science. 
For  pray  what  Energy  will  there  be  of  a  Demon- 
ftration,  what  Effeft,  if  the  Learner  can't  affent, 
can't  acquiefce,  nay  can't  firmly  adhere  to  the  Pre- 
mifes?  Nor  will  I  fay  how  juftly  that  can  be 
called  a  Pojlulate^  which  may  be  demonftrated. 
For  why  is  that  taken  precarioufly,  which  may  be 
affumed  of  right,  and  wrefted  by  Violence  ?  Or 
why  does  not  the  Learner  oppofe  the  idle  Perfua-f 

f}on9 
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iions  of  the  Mafta*  ?  So  that  I  can't  ice  what  kd 
the  Fhilofopher  to  this  Diftin6bi<Hi,  nor  does  his 
Interpreters  remove  the  Scruple. 

As  to  what  is  laid  by  Proclus  (for  firft  of  all 
I  aim  at  him)  while  he  profefTes  to  follow  Ariftotle^ 
be,  in  my  cpinion,  renders  all  things  worfe.  For 
ift.  He  attnbutes  three  kinds  of  Principles  to 
EucUdj  viz.  Axioms^  Hypatbefes^  and  Pofiulates^ 
whofe  Differences* he  expounds  according  to  the 
Sendment  o(Ariftotle :  But  as  if  Definitions  were  not 
Principles  J  lior  did  either  Euclid  or  Ariftotle  ever 
account  them  for  Principles y  nor  did  the  latter  moft 
ezprefty  diftinguifh  them  from  Hypotbefes.  There- 
fi^  the  Blindnefs  of  Proclus  leems  wonddfiil, 
bodi  in  wholly  omitting  Definitions  in  his  Enume- 
ration of  Principles^  and  in  confounding  diem  widi 
the  Hypotbefes  oi  Ariftotle  ;  while  he  very  incon* 
gruoufly  attributes  thofe  Things  to  the  Definitions 
and  Pojiulates  of  Euclid^  which  Ariftotle  afoibes  to 
his  dcmonftrable  Hypotbefes  and  Poftulates.  For 
how  are  Eucli^s  Definidons  and  Geometrical 
Poftulates  demonflrable  ?  How  is  it  neceflary  ftwr 
the  Sendment  of  a  Learner  to  be  oppofite  to  the 
Poftulates  of  Euclid  ?  Or  how  can  that  be  truly 
adapted  to  them,  that  bowever  a  Learner  refufe  bts 
Ajffentj  yet  be  is  admitted  a  Hearer  wbetber  be  will 
or  nof  What  is  this  elfe  but  to  overturn  the  Foun- 
dation of  Geometry,  and  deftroy  all  Learning  at 
once  ?  Whereas  the  Poftulates  of  Euclid  do  carry 
fo  clear  a  Poffibility,  and  may  be  illuftrated  win 
fo  many  familiar  Examples,  that  no  Genius  capa* 
ble  of  Science  can  any  way  impugn,  or  find 
Fault  with  them  :  Nay,  otherwilc  a  Teacher  would 
beconie  immodeft,  importunate  and  trifling,  who 
ihould  require  or  fuppole  it ;  and  in  vain  would  go 
about  to  teach  or  demonfhate,  his  Poftulates  being 
not  admitted.  But  why  do  I  oppofe  Proclus^ 
when  )ie  oppofes  himfelf,  and  leesis  to  remove 

d>ofe 
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tfaofe  uAdigefted  Notions  in  the  beginning  of  his 
third  Book,  which  he  had  inferted  from  Arifiotle 
in  his  fecond.  //  is  alwirfs  necejfaryj  fiiys  he, 
that  the  Principles  of  tbefe  he  indemonftrMe  andfelf- 
evident^  at  the  fame  Time  adjoining  many  other 
Things  to  the  fame  Purpofe  clearly  repugnant  to 
what  was  before  advanced,  and  to  jirtflotl^%  De- 
fcription  of  Poftulates,  which  he  feems  tb  cf- 
poufe« 

But  difmifTing  ProcluSj  let  us  lee  what  Ramus 
lays  to  thcfe  Things :  He  blames  Proclus  \  but 
how  ?  Why  fo,  as  entirely  to  take  away  all  Dif- 
ference of  Principles,  indeed  with  a  fingular  Mo- 
rofenels.  But  upon  what  Arguments?  Becaufi^ 
iays  he.  Definitions^  DiviJionSy  and  all  other  /elf»^ 
evident  Proportions  are  admitted  into  DifcipHneSj 
not  in  the  name  of  a  Poftulates  or  an  Axiom^  but 
only  of  their  own  Clearnefs  and  Perfpicuity.  Which 
contain  almoft  as  many  Paralogifms  as  Words. 
For  who  ever  believed  Definitions  to  be  admitted 
into  any  Difcipline  under  the  Title  of  a  Poftulate^ 
or  an  Axiom  ?  Who  that  treated  accurately  of 
any  Science  did  not  feparate  Definitions  from 
Axioms  ?  And  tho'  no  Body  had  diftinguiflied 
them,  could  they  not  therefore  be  diftinguiflied  ? 
Whence  then  are  there  fo  many  little  Diftinftions 
of  them  ?  But,  fays  he,  they  are  admitted  only  in 
the  Name  of  their  Clearnefs^  i.  e.  I  fuppofe,  not  as 
they  are  Definitions  or  Axioms^  but  becaufe  they  are 
tlear :  Be  it  fo,  what  follows  ?  Therefore  he  con- 
cludes, they  ought  not  to  be  diftinguiflied  :  A  fine 
Confequence  indeed,  and  very  like  the  following 
one.  The  Sun  and  a  Candle  are  beheld  not  in  the 
Name  of  the  Sun  and  a  Candle,  but  becaufe  they 
Ihine  clearly  ;  therefore  the  Sun  and  a  Candle  ought 
not  to  be  diftinguiflied  -,  or  therefore  the  Light  of 
the  Sun  and  of  a  Candle  are  the  fame.  But  he 
argues  moreoveig  That  this  Difference  of  Princi-^ 

pies 
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only  ufed  by  Euclid  in  his  iirft  Book,  in 
owing  Books  it  is  contemned  :  Contemned  is 
r  does  that  appear  ?  Certainly  he  clfewhere 
!ier  Definitions  and  other  Axioms  as  occafion 
s  ;  it  is  true  he  adds  no  more  Poftulates^ 
I  there  feems  to  be  no  need  of  more :  But 
does  he  confound  thofe  Species  of  Principles^ 
are  his  Contempt  of  any  of  them  ?  Unlefi 
ieafonably  to  name  them  be  to  contema 

perhaps  he  will  objeft  the  moft  weighty 
ity  of  Arcbimedesy  who  promifcuoufly  calls 
inciples  laid  down  before  his  Iforrhopics 
;/«,  or  Things  required.  W^e  require  it  as 
tlate^  lays  he,  that  eaual  fFeigbts  hanging  by 
sej^ths  do  weigh  equally y  or  are  in  ^quilwrio. 
ftcr  the  fame  manner  does  Euclid  in  his  Op- 
!I  all  the  Principles  he  aflumes  Hypotbefes : 
IS  with  Proclusy  and  Eutocius  did  once  make 
ne  Obfervation  concerning  Archimedes  :  To 
[nftance  I  anfwer,  that  perhaps  Archimedes  ftu- 
Brcvity,  and  not  willing  to  make  too  great  an 
itus  to  a  fmall  Book,  did  on  purpofe  neg- 
at  extreme  Exaftnefs,  which  he  obferved 
Books  of  the  Sphere  and  Cylinder ^  of  Spiral 
and  other  more  curious  Pieces,  where  he  fe- 

Definitions  from  Axioms,  Nor  is  it  any 
•  for  the  fame  Words  to  be  fometimes  more, 
>metimes    lefs   extenfive,  according  to  the 

and  Purpofe  of  the  Writer.  Like  as  the 
thofe  famous  Reformers  of  Things,  as  well 
>rds,  do  give  univerfal  Propofitions  the 
of  Axioms^  as  if  they  meant  to  make  all 
itions  equal  in  Dignity,  as  they  have  done 
tues  and  Vices.  Nor  do  I  deny  but  the 
^oftulate,  or  Petition,  from  its  vulgar  Signi- 
,  may  be  fitly  enough  attributed  to  all  kinds 
iciples.    For  a  Teacher  muft  in  Part  peti- 

tim 
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ijm,  becaufe  he  muft  hj  all  means  procure  the 
Aflbit  cf  the  Learner.  And  this  iiirely  is  mote 
modeft  than  to  be  fiud  to  comfnand,  as  the  Mafiers 
of  Difciplines  do  often  call  their  Difbtes  Precepts^ 
i  e.  Commands. 

Rhaldus  argues  not  ill  imon  this  Place  of  Arcbi- 
medesy  fVe  may  petUim  (fays  he)  that  this  or  thai 
te  fo  named  ;  tbtn  that  this  wr  that  he  taken  as 
efti^tifiedy  which  we  know  by  the  Light  of  Na- 
ture 5  laftlyj  that  tins  or  that  is  pojftble  to  he  done. 
But  every  thing  that  can  be  done^  or  fo  named,  we 
cannot  term  an  Axiom^  nor  will  it  he  allowed  that 
the  Knowledge  which  is  innate  to  our  Minds  is  a 
Definition.  Which  is  appofite  enough.  I  adjoin 
Proclus :  Some  nowy  {ays  he,  think  it  proper  to 
call  all  Principles  Petitions  as  they  do  aU  things 
fought  Problems.  Archimedes  therefore  who  flS- 
dittl  Brevity,  and  was  willing  to  comprehend  his 
Principles  together  in  one  Body  might  not  unfitly 
affign  to  them  the  name  of  Petitions,  becaufe  he 
coiud  not  equally  adapt  the  Tide  of  Definidons 
or  Axioms  to  them  all.  And  by  the  lame  Au- 
thority might  Euclid  and  others  call  their  Principles 
Hypothefes.  For  that  Word  alfo  is  capable  of  a 
moft  extenfive  Acceptation  :  Nor  can  any  Thing, 
which  is  ufefiil  to  go  before  a  Demonftration,  he 
improperly  called  an  HypothefiSy  i.  c,  a  Suppqfi- 
tionj  or  as  it  were,  a  Foundation  laid,  upon  whrch 
the  following  Demonftrations  are  to  be  iiiper- 
ftruAed.  Archimedes  is  wont  to  fpeak  thus :  ex. 
gr.  Before  his  Books  of  the  Sphere  and  Cylinder  after 
his  Definidons  and  Axioms  -,  Thefe  things^  fays 
he,  being  laid  as  a  Foundation :  Before  the  Defi- 
nidons premifed  to  his  Book  concerning  Conoids  and 
Spheroids  :  TToefe  are  laid  as  a  Foundation  :  In  his 
Book  concerning  Spirals  \  The  Things  (fays  he)  of 
life  for  their  Demonftration  are  laid  down  before  \ 
whm  the  Words  rendered  laid  as  a  Founaation, 

and 
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d  down  before  J  are  evidently  of  the  lame 
vaon  in  the  Original.  To  fuppofe  then 
illy  fignifies  to  premife^  or  to  lay  down  as 
dation ;  in  which  Senfe  it  agrees  with  all 
ies.  So  alfo  to  affume^  or  take  for  granted^ 
nt  more  properly  accommodated  to  Axioms : 
lis  Books  concerning  the  Sphere  and  Cylinder^ 
drcbimedes  being  about  to  lay  down  Axioms 
5  Defimtions  he  had  delivered^  iayS)  nefi 
e. 

ifl:  not  pals  over  that  new  Genus,  or  at  leaft 
lame  of  Principles,  which  the  juft  now 
aed  (g)  Commentator  of  Archimedes  has 
coined  for  us,  called  a  Subftdy  or  Re^ 
Archimedes  had  fpoke  of  other  Premifes  to 
monftradons,  after  his  Definidons.  There-- 
ijs  he  (Z>),  after  we  have  writ  of  Theorems 
f  Epitagmata  which  are  ujeful  to  their  D^- 
vtionsy  we  will  next  proceed  to  write  to  you  of 
ns.  Hence  Rivaltus^  interpreting  Epitag- 
iubfidies  or  Referves,  impofes  the  Name  of 
fs  to  certain  Definitions^  which  in  my  Opi- 
re  mifplaced.  But  Archimedes  by  Epitag^ 
sems  to  underftand  nothing  elfe  but  certain 
^ry  Propofitions  or  Lemmata  made  ufe  of  in 
urfe  of  the  following  Book,  which  were  re- 
to  the  Dcmonftration  of  its  primary  Theo- 
therefore  the  Epitagmata  which  follow,  or 
erted  in  their  Order,  are  to  it  like  thofe 
r,  which  the  Writers  of  the  Roman  Hiftory 
tfit  to  call  Epitagf?iata  or  fuhft diary  Cohorts., 
[  very  much  fufpeft  that  Archimedes  ufed  no 
''ords,  but  perhaps  Shrdyjiarct  has  crept  in  by 
scdlefsnefs  of  the  Tranfcribers  for  cfhi  ToZta  ; 
inftead  of  the  Epitagmata  which  are  ufeful  to 
Demonjlrationsy    as  above^    it  Ihould  have 

RivaUus.  (h)  In  libr.  de  Conpid*  &  Spheroid. 
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becR,  the  other  Things  which  are  ufeful  to  their  De^ 
fnonjirations.  Tho*  1  deny  not  but  the  Name  £/i- 
tagma  or  Suhftdy  is  here  appofite  enoughs  and  is 
ibmewhere  to  be  found  in  rappus  ;  yet  fo  that  we 
can  fcarce  know  from  the  Conteict  in  what  Senfc  it 
ought  to  be  taken.  But  I  am  afraid  thefe  Fight]i%s 
with  Shadows,  thefe  Trifles,  thefe  worthlefs  DiC- 
dnftions  give  you  litde  Delight :  To  me  indeed  . 
it  is  grievous  that  while  hunting  after  Accuraqf 
I  find  mvfelf  fallen  into  Loquacity. 

That  tnerefore  I  may  the  more  fpeedily  rid  mj 
felf  of  this  Qucflion,  paffing  by  the  Opinions  of 
others  about  the  Matter,  I  thus  briefly  and  confo- 
nantly  apply  to  what  has  been  faid. 

The  Kinds  of  Principles  fimply  fo  called,  i.  f. 
fochasare  indemoiifhuble,  which  cannot,  or  ought 
not  to  be  demonflrated,  are  two,  viz.  Hypotbefes 
or  Poftulates^  and  Definitions. 

Hypotbefes  are  Propofitions  aflTuming  Of  affirming 
fome  evidently  pofliole  Mode,  Aftion,  or  Motion 
of  a  Thing,  ex.  gr.  Suppofe  a  Point  to  he  carried 
with  a  direSl  Motion  from  the  Place  A  to  the  Place 
B :  or  let  it  be  granted  that  a  Point  may  he  fo  car- 
ried. Suppofe  a  Right  Line  be  carried  about ^  with 
one  of  its  Extremes  fixed  or  immoveable j  Uill  it  be 
turned  to  its  firfl  Situation  :  Or  let  it  be  taken  for 
granted  that  a  Right  Line  may  be  fo  turned.  Sup" 
pofe  two  Right  Lines  to  meet^  or  interfe£l  one  an- 
other ^  fo  as  to  go  different  ways  after  their  meeting. 
Or  let  it  be  granted  that  two  Right  Lines  mayfo  meet. 
Suppofe  a  right-angled  Triangle  to  be  revolved  com- 
pleatly  about  one  Leg  of  the  Right  Angle.  Suppofe  the 
Right  Line  AB  (Fig.  I  V.J  with  the  extream  A  to 
be  turned  about  uniformly  (i.  e.  fo  as  as  make  equal 
Angles  in  equal  Times)  and  the  Point  A  in  the  fame 
Time  to  be  carried  uniformly  along  the  Right  Line 
A  B,  i.  c.  fo  as  to  make  equal  Intervals  in  equal 
Times.  Suppofe  a  Point  to  go  about  in  the  Cir- 
cumference 
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mce  of  a  Circle  or  EUipftsfo  as  to  make  equal 
in  equal  Times j  in  refpeSl  of  a  Point  ajfigned^ 
^et  he  the  Center  of  the  Circle^  or  Focus  of 
^ipfis.  Sufpofe  a  Right  Line  to  be  extended 
me  Point  of  a  lucid  or  enlightened  Body 
Eye.  Suppofe  the  Moon  to  he  placed  in  a 
Line  hetween  the  Sun  and  the  Eye.    Suppofe 

to  he  derived  from  a  vifible  Point  through 

^erofthe  Eye^  or  to  the  Center  of  the  Tunica 

Of  fuch  Pofidons  the  Scnfe  it  felf  proves, 

xperience  dearly  attefts  that  they  are  not 

aflumed^  but  ought  to  be  admitted,  i.  e. 
icy  contain  nothing  repugnant  to  PofTibility. 
whence  it  appears  by  the  Way,  that  as  there 
cry  near  Affinity  between  Axioms  and  Theo^ 
which  was  obferved  by  the  Ancients,  {o 
s  the  fame  between  Hypothefes  and  Problems. 

a  Problem  fhews  the  Manner,  and  demon- 
the  PofTibility  of  fome  Strufture  ;  fo  an  Hy- 
5  aflumes  fome  Conftruftion  which  is  mani- 
poflible.  To  which  Purpofe  Proclus  (peaks 
:cording  to  the  Sentiment  of  Geminus.  In  a 
%te  or  an  Hypothefts^  fays  he,  as  in  a  Problem^ 
\s  eafy  to  be  done  is  affumed  \  in  an  Axiom^ 
a  Tbeoremy  what  is  ea/ily  known  is  granted. 
Definition  is  a  Propofition  wherein  a  Name 
ofed  or  afcribed  from  fome  poflible  Suppo- 
>f  a  Thing  clearly  refulting  -,  which  Suppofi- 
xing  exprefled  in  the  Propofition,  determines 
■cumfcribes  that  Name.  As,  infilling  on  the 
mentioned  Hypothefis,  What  refults  from  the 
\g  of  two  Right  Lines  interfe5ling  on  one  another 
f  called  a  reftilineal  Angle  :    Or  a  reftilineal 

15  that  which  is  made  from  fuch  a  meeting.  The 
^gure  which  is  produced  from  the  Rotation  of  a 
Line  may  be  called  a  Circle  :  Or  a  Circle  is 
e  Figure  which  is  produced  by  the  Circum- 
f  of  a  Right  Line.  The  Solid  which  pro^ 
K  wii 
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ceeds  from  the  Revolution  of  a  reSannlar  Trian^ 
gle  about  one  Leg  of  the  Right  Af^le  may  be 
named  a  Right  Cone :  Or  a  Right  Cone  is  a  Body 
generated  by  fucb  a  Revolution.  TSr  Curve  Im$ 
which  is  made  from  two  uniform  Motions^  viz. 
Right  and  Circular ^  may  be  called  a  Spiral:  Or 
^  Spiral  is  a  Curve  Line  engendered  by  fucb  a 
Compofttion  of  Motions,  ^e  Motion  in  tbe  Pe- 
riphery of  a  Circle  or  EUipfts  mMf^  eaual  jff^les 
in  refpeil  of  an  affigned  Point  ma^  be  called  a  Nfem 
Motion :  Or  a  Mean  Motion  ts  that  wUcb  is  Jo 
affeiled.  Tbe  Right  Line  extended  from  et»y  Point 
of  a  lucid  or  enlightened  Body  towards  tbe  Eye  may 
he  named  a  Ray.  ^e  Privation  of  tbe  appa- 
rent Light  by  tbe  Interpofition  of  tbe  Moon  may 
\fe  called  an  Eclipfe  of  tbe  Sun.  TbeRayflowifg 
from  a  viftble  Point  thro^  tbe  Center  of  tbe  Retina^ 
may  be  called  the  Optical  Axis.  From  which 
Examples  the  Nature  and  Origin  of  a  Definition 
abundantly  appears  -,  that  in  it  the  Name  recipro- 
cally agrees  widi  the  Thing,  and  the  Thing  with 
the  Name :  Or  that  the  Signification  of  this  is 
adequate  to  the  poflible  Exiftence  of  that. 

From  thefe  two  emerges  a  third  Kind  of  Prin- 
ciple  by  a  Syllogiftical  Confequence,  which  is 
wont  to  be  called  an  Axiom^  Dignity^  Pronuncia- 
tumj  Common  Notion^  or  Anticipation.  But  this  is 
nothing  but  a  certain  Theorem  in  fome  fuperior 
precedent  Science^  which  is  clearly  deduced  and 
dcmonftrated  from  the  proper  Definitions  and  Hy- 
pothefes  of  tliat  Science  either  immediately,  or  by 
other  intermediate  Theorems  ;  and  confequently  is 
affumed  widiout  Proof  in  die  fubordinate  Science, 
or  at  leaft  emerges  from  fome  Hypothefis  or  Defi- 
fiition  belonging  to  that  Science  by  a  moft  cafy 
,.and  evident  Confequence,  in  the  form  of  a  Con- 
^feSlary.  Which  Species  oi  Axiom  is  wont  to  be 
called  proper  to  that  peculiar  Science,  as  the  other 

is 
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is  called  cmmon^  as  being  common  to  all  the 
Sciences  fubjeded  to  the  faid  primary  Science^ 
Ex.gr.  that  tbofi  Things  which  are  equal  to  the 
famcj  are  equal  to  another^  is  accounted  a  com^ 
man  Axiom^  bccaule  it  agrees  widi  Numbers^ 
Times,  Motions  and  Weights,  as  well  as  Ma^^ 
tildes;  and  is  only  demonftrated  in  Metaphyfics, 
as  having  there  the  Reafcm  of  a  Concluuon,  or 
Theorem :  But  That  aU  Right  Angles  are  equal  i  or 
That  two  Right  Lines  include  no  Space^  tnele  are 
proper  Axioms^  obtaining  the  firft  Plaos  in  Geo- 
metry only,  as  being  inferred  and  after  a  Sore 
demonftrated  from  the  Definidons  of  a.  Right 
Angle  and  a  Right  Line.  But  thefe  Things  we 
have  already  fuffidendy  expounded  in  the  Examples 
•above. 

Thus  we  have  come  at  laft  exa£Uy  to  Ariftoil^s 
firfl  Divifion  in  the  Second  Chapter  of  the  firft 
Book  of  the  former  Part  of  his  Analytics,  viz.  in- 
to Hypothefes^  Definitions  and  Axioms ;  though  wt 
dilapprove  his  unaccurate,  at  leaft  obfcure  Expla- 
nation of  them.  We  have  alfo  come  up  to  our 
Element'Compofer^  who  in  like  manner  diftributes 
Principles  into  three  Clafles,  viz.  Definitions^  Po* 
ftulatesj  and  Pronunciata.  For  it  is  all  one  whe- 
ther indemonftrable  Suppofitions  be  called  Hypotbefes 
or  Poftulates ;  only  they  are  not  thought  to  be 
therefore  callai  Poftulates^  bccaule  the  Demon- 
flrator  afliimes  them  precarioufly,  and  as  it  were 
begs  them  :  For  they  nave  an  irrefragable  Certitude 
and  Evidence,  in  no  wife  inferior  to  the  Cleamefs 
of  Axioms  5  nay  fecm  more  clear  than  many  Axi* 
amsy  becaufe  thefe  depend  and  are  derived  from 
thofe.  They  may  alfo  put  on  the  Form  of  Axioms^ 
as  Problems  do  that  of  neoremsy  neither  do  they 
at  all  differ  from  thofe,  except  as  to  their  Form, 
and  becaufe  they  cannot  be  demonftrated  like  thofe. 

X  a  Tht 
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The  Modefly  of  the  Name  ouriit  by  no  Means 
CO  detraft  from  the  Excdlencc  of  the  Thine* 

But  we  may  take  Notice  di  fomething  mat  may 
be  objefted  againft  what  has  been  faid,  viz.  that 
two  Propc^dons  arc  reckoned  by  Euclid  for  Poftu- 
htes^  to  which  the  Explication  here  brought  of  a 
Populate  or  Hypotbejis  docs  not  agree,  viz.  thcfc  ; 
Jifetf/  all  Right  Angles  are  equal  to  one  another  \  And 
if  a  Right  Line  infifting  upon  two  other  Right  Lines 
do  make  the  internal  Angles  at  the  fame  Parts  of  the 
infixing  Line  leffer  than  two  Right  Angles^  that 
tbofe  two  Right  Lines  produced  towards  tbefe  Parts 
do  at  length  meet.  I  anfwer,  this  is  unaccuratelv 
done  by  Euclid^  (if  it  be  done  by  him,  and  thefe 
I^pditions  have  not  crept  into  a  rlace  not  bekxig- 
ing  to  them,  by  the  Fault  of  odiers)  and  therefore 
riicy  are  more  rightly  reckoned  Axioms  by  Gemi- 
Husj  ProcluSy  and  moft  other  Interpreters.  For 
they  are  really  Theorems  confequent  to  the  Defini- 
tions of  a  Right  Angle  and  a  Parallel  Line. 

After  I  had  thought  of  thefe  Things  concerning 
Principles  and  their  Divifion,  by  chance  calling 
my  Eyes  upon  that  elegant  and  ufeful  Book  of 
Alphonfus  Borellus^  containing  the  Elements  of 
Geometry  digefted  in  a  New  Method,  which  he 
calls  by  the  Name  of  Euclid  reftored^  I  found  he 
had  there  beftowed  the  greateft  Care  and  Subtilty 
in  illuftniting  the  Nature  and  DiJiin£lion  of  PnV 
€iples^  and  that  both  in  the  Proem  of  the  Work, 
and  efpeciaHy  in  thofe  that  immediately  go  before 
the  firft  Propofition  of  the  Elements.  Perhaps  I 
fhould  have  obferved  fomething  among  fome  of 
his  Didtates,  if  they  had  offered  themfelves  be- 
fore •,  but  fmce  they  contain  fcarce  any  thing  dif- 
ferent from  our  own  Thoughts,  from  what  I  my- 
felf  have  thoroughly  handled  heretofore  ;  and  fince 
wc  have  already  difcourfed  more  than  enough 
•  upoa 
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upon  thi$  Matter,  for  the  prefent,  I  will  pals  them 
by  untouched  :  yet  afterward,  when  Opportunity 
permits,  I  will  perhaps  examine  one  or  two  Points, 
and  cfpecially  thofe  which  the  Opinion  of  ClaviUs 
adeeming  the  Nature  of  Definitions  feems  to  con- 
tradid.  In  die  mean  Time  I  betake  myfelf  to  cer- 
tain particular  Things  to  be  obferved  concerning 
Postdates  or  Hypotbefesy  Definitions  and  Axioms. 

As  to  H^potbefesj  both  their  Foundation  and 
Reafon,  theu*  Matter  and  Extenfion,  may  be  ob- 
ferved in  general.  The  Foundation  and  Reafon 
of  Hypotbejes  (as  we  have  often  intimated,  for  we 
cannot,  if  we  would,  avoid  oftentimes  repeating 
the  fame  Thing,  which  is  not  indeed  altogether 
amiis,  but  pardy  ufeful  in  fuch  Le£hires  as  thefe ; 
fince  theSede  of  the  Words,  and  the  Meaning  of  the 
Speaker,  are  by  this  Means  more  clearly  perceived 
and  deeply  rooted),  die  Foundation,  I  fay,  of  Hypo^ 
tbefis  is  evident  from  Experience,  or  through  fomc 
Senfe  whereby  we  apprehend  Things  offered  from 
without ;  or  laftly,  through  the  fecret  ConfciouC- 
ncfe,  whereby  we  perceive  internal  Motions,  and 
the  A6tions  remaining  within  us.  For  nothing 
ought  to  be  fuppofed,  whereof  we  can  make  no 
Experiment,  nor  can  illuftrate  or  confirm  it  by 
fomc  appofite  Eicample  :  fince  the  Pofiibility  of  an 
Hypotbejis  can  be  fhewn  no  otherwife ;  of  which 
notwithftanding  the  Student  muft  have  a  certain 
Science.  That  Hypotbefts  ex.  gr.  in  Optics,  not 
a  Ray  or  luminous  Right  Line  may  he  extended  from 
any  (at  leaft  a  Pbyfical)  Point  of  a  vifthle  Obje£i  to 
the  Eye  wberefoever  placed  in  a  homogeneous  ik&- 
dium  \  this,  I  fay,  would  by  no  means  be  ad- 
mitted, if  it  could  not  be  fupported  by  this  no- 
torious &qperiment,  that  an  Objedt  is  every  where 
fcen,  except  there  be  by  a  Body  placed  fomewhcrc 
in  a  Ri^t  Line  between  it  and  the  Eye.  Nay  it 
would  fccm  incredible  and  almoit  impoflible  (by 

K  3  resdoti 
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rcafon  of  the  Unintdlmbleneft  of  die  Manner  cf 
its  Performance,  and  me  imperceptible  Subdlty  of 
iti  Nature),  if  Experjenoe  djd  not  pbunly  confirm 
us  in  the  Truth  of  it.  So  if  any  Thii^  kfi  no* 
bable,  or  lels  examined,  be  delivered  to  a  Student, 
in  the  Room  of  161  Hypothefis,  the  Mailer  of  die 
Science  is  bound  to  (hew  it  fay  a  plain  Bxanrole 
or  Experiment,  (or  as  (i)  AriftaU  lays,  iy  Senfior 
^  the  Fitter)  fo  that  before  he  proceed  fasdier  to  De- 
monftradon,  there  muft  remain  no  Hefitation  con« 
ceming  the  Poflibility  or  Trudi  of  die  Thing  fup* 
pded. 

And  every  A£kion,  Motion,  or  Mode  of  Being 
diac  fidls  under  Obfervadon,  or  nuy  be  appre- 
hended by  Experience,  is  the  Subject  of  Hypatbefes. 
Especially  the  Subjeft  of  Mathematical  Hypotbefesj 
which  we  principally  refpeft,  is  extended  to  all  the 
AffeAions  of  Magnitude  obvious  to  any  Senfe, 
So  that  to  comprehend  the  Subjeft  of  Madiema- 
tical  Hypothefis  righdy,  the  general  Affeftions,  of 
which  every  Magnitude  is  capable,  ought  to  be 
diligqidy  weighed .  Wherefore  it  will  next  be  fit 
to  treat  of  them. 

Some  arc  very  felicitous  to  find  fome  primary 
Notion  and  moll  ejfential  Property  of  Magnimde, 
from  whenpe  all  the  reft  do  flow  :  Perhaps  a 
labour  finidefs  and  without  foundadcm  -,  fince  it 
may  be  there  is  none  (as  indeed  in  my  Judgment, 
there  is  none)  to  which  fuch  a  Prerogative  of  Na- 
turey  fiich  a  Primacy  of  Order  does  really  in  fo 
peculiar  a  Manner  belong;  but  Miignitude  has 
many  Propcrdes,  which  dp  all  agree  to  it  equaUy 
in  a  like  Connexion,  and  are  linked  with  it  in 
the  clofeft  Chain,  being  involved  and  united  bodi 
into  it  and  into  one  another.  Wherefore  being 
pot  folicjjtpus  concerning  their  Order,  I  will  ftridly 
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and  largely  endeavour  to  explain  fuch  primary 
AffeSions  of  Magnitude,  as  are  moft  obiervable, 
and  which  fiipj^y  Matter  for  Mathematical  Hvpo- 
che(es.  But  I  perceive  I  have  undertaken  a  Buiinds 
worthy  a  larger  ExpoHtion  than  to  be  finiflied  in 
a  few  Words,  and  which  I  had  rather  not  begin 
at  all  than  be  obliged  to  leave  abruptly  ;  and 
(ince  I  remember  I  have  fo  often  had  the  Ex- 
perience, how  much  eafier  a  Pardon  is  obtained  for 
a  Fault  in  Brevity  than  in  Prolixity,  and  how  much 
better  it  is  to  abridge  myfelf,  ttun  nauleate  my 
Hearers,  I  will  referve  thefe  Things  to  the  follow- 
ing Le&ures. 


FINIS. 


K4 


MATHER 


MATHEMATICAL 


L  E  CTURE  S 


Read  in  the 


Univerfity  of  Cambridgey 


An.  Dom.  MDCLXV. 


i/ECT.DC   Mathematical  Le^ures,  139 

MATHEMATICAL 

LECTURES. 

LECTURE    IX. 

Of  the  Termination^    Extenjion^    Compofitim^ 
and  Divijibility  of  Magnitudes. 

IAm  very  fenfiblc  how  nice  and  difficult  a 
Bufinefs  I  undertake,  in  attempting  to  treat  of 
the  common  Affections  and  Properties  of  Magni- 
tudej  which  ocair  to  Experience,  and  confequendy 
afibrd  matter  for  Mathematical  Hypotbefts^  and  there- 
fore I  cannot  but  fpeak  fomething  by  Way  of 
Preface  and  Premonition.  For  thefe  are  Things, 
which  it  is  very  difficult  not  to  render  more  per- 
plexed by  explaining,  not  to  obfcure  by  illu- 
ftrating ;  Things  for  the  moft  Part  of  fo  fubde 
and  abftraft  a  Nature,  that  the  Imagination  fcarcc 
can  comprehend  them,  fcarce  can  affign  to  each 
their  juft  Bounds,  or  feparate  one  from  another, 
and  confequendy  do  elude  the  moft  piercing  Sa- 
gacity, and  fly  away  and  efcape  him  who  en- 
deavours diftinftly  to  catch  at  their  vanifliing  Ideas: 
So  that  what  St.  Auguftine  is  reported  to  have  laid 
of  Time,  may  not  undefervedly  be  applied  to 
moft  of  them.  If  none  feek  of  me  what  Time  isy 
J  know  ;  If  any  ask  me  I  doift  know.  For  what 
iw,  gr,  is  Extenfm  ?  What  Space  ?  What  Mo^ 
a  tionf 
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tion  ?  Every  one,  that  fpeaks  of  theie,  imagines 
himfelf  to  be  clearly  undeillood,  even  by  the  molt 
Vulgar ;  but  if  you  aamine  their  Breaftst  you 
will  find  moft  of  them  linked  in  inextricable 
Snares,  hefitating  in  dieir  Thoughts,  and  en- 
tailed in  their  Speech.  Nay,  the  moft  fubtk 
Phubibphers,  after  the  moft  dilig^  jCointempla- 
don  with  the  exafteft  Care  imaginable,  when  they 
come  to  difcourfe  of  thefe  Things  can  hardly  ipeak 
confiftently,  either  one  with  anodier,  or  die  fame 
with  thennifelves :  and  feldom  do  any  handle  them 
fo,  but  monftrous  Paradoxes,  and  moft  grievous 
Difficulties,  feem  to  follow.  > 

Carteftusj  ex.  gr.  from  his  Concepdon  of  Space 
infers  the  infim$e  or  /to  Ibfien  the  Expreffion) 
indefinite  Extenfion  of  Mundane  Matter,  with 
die  ImpqffibilUy  of  Vacuum ;  and  the  Immedi- 
ate Contiguity  of  Bodies  which  were  at  a  Diftance 
from  one  another  before,  by  annihilating  or  re- 
moving all  the  intermediate  Bodies  ;  and  fuch  like 
Things  as  thefe  :  Which  his  AdvtrLry^Hobbs  con- 
demns and  explodes  (how  juftly  I  will  not  difpute^ 
as  contrary  to  common  Senfe.  But  does  himfelf 
afford  any  Thing  more  clear  and  certain,  or  lefs 
incoherent  and  more  blamelefs  ?  Let  us  confider 
him  a  litde :  He  terms  Space  the  Idea  or  Pban- 
tafm  of  Body  ;  Place  the  Coincidence  of  Space  with. 
the  Magnitude  of  a  Body ;  Motion  the  leaving  of 
one  Place  and  acquiring  another.  Now  who  does 
not  fee  how  repugnant  thefe  Things  are  with  one 
another,  and  how  very  obnoxious  to  moft  ridicu- 
lous Confeouences  ;  to  fuch  ex.  gr.  as  thefe :  There- 
fore the  Place  of  a  Body,  {vix.  of  this  School^ 
will  be  nothing  elfe,  but  die  Coincidence  of  my, 
your,  or  any  ones  Pbantafm  with  the  Magnitude 
of  the  School.  As  if  the  Pope  of  Rome  did  not 
refide  in  the  Vatican  Palace,  nor  live  at  Rome^  but 
was  placed   every  where  in  the  Fancies  of  all 

Men 
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Men  that  think  of  him  :  By  which  means  he  may 
eafily  be  conceived  an  univerfal  Pontiff.     Therefore 
the  Motion  of  a  Stone  or  Arrow  will  be  the  leaving 
of  one  Coincidence  of  a  Phantafm  with  a  Magm- 
tude^  and  acquiring  with  Coincidence  :  And  while 
the  Turk  is  marching  an  Army  into  Hungary ^  he  is 
only  wandering  in  your  Fancy  and  encamping  inyour 
Brain.    But  pray  does  the  Magnitude  of  a  Body 
coincide  or  coexift  with  a  Pbaniafin  or  Idea  of  thie 
Mind  ?  How  can  the  Coincidence  of  a  Body  Vith 
a  Phantafm  be  loft  or  acquired  ?    How  does  a 
Phantafm  feparate  and  come  between  diftant  Bor 
dies  ?  How  can  a  Phantafm  be^  occupied,  be  fil« 
led,  divided,  meafiired  and  fubjeAed  to  ib  many 
other  Attributes,  which  himfelf  is    not  afraid  to 
afllgn  to  Space,  after  he  has  delivered  this  ima- 
ginary Definition  of  it  ?  What  if  no  Man,  no 
Fancier  fhould  cxift  in  the  Univerle,  would  there 
therefore  be  no  other  Thing  ?  Or  would  all  Things 
neceflarily  be  at  Reft,  but  they  could  not  be  at 
Reft,  fince  the  Phantafm  of  Space  does  alio  belong 
to  the  Definition  of  Reft  ?  Could  there,  I  fay,  be 
therefore  no  Space,  no  Place,  no  Motion  in  Be- 
ing ?  How  myfterious,  nay  how  abfurd  and  con- 
tradiftory  are  thefe  Things  ?  Thefe  few  Inftances 
out  of  many  I  have  produced  by  the  by,  to  fhew 
how  hard,    how  difHcult  thefe  common  Properties 
of  Magnitude  are  to  be  conceived  and  explained, 
fince  the  moft  ingenious  Men  entangle  themfelves 
in    Labyrindis,    Difficulties    and   Inconveniences, 
while  they  are  endeavouring  to  handle  them  with 
the  greatdft  Accuracy.     For  which  Reafon  I  am 
the  more  pardonable,  if  I  fhall  handle  thefe  T  hings, 
recite  and  explain  them,  perhaps  after  a  meaner  and 
poorer  manner,  more  accommodate  to  common  Senfc 
than  to  metaphyfical  Concepdons  \  and  fo  far  only 
as  I  judge  ufeful  to  my  Purpofe,  i.  e.  as  they  are  fub- 
fervient  to  Mathematical  Hyj^tbffeSn    But  to  Come  to 
the  Purpofe,  ^  L  Of 
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I.  Of  the  fermimiSion  of  Mdgmtude. 

OF  the  principal  and  more  common  ASbftion^ 
kX  Magnitude  wcfirji  that  offers  idelf  tx>  us  (for  I 
confine  myfelf  to  no  Order,  fince  as  I  took  notice 
in  the  laft  Ledhue,  there  is  no  Foundadon  erf*  Or- 
der on  the  Part  of  the  Thing  between  the  reciprocal 
ud  ejfemtd  Properties  of  the  fame  Thing)  I  fiiy, 
die  firft  that  occurs,  while  we  are  contemplating 
Mtignitude,  and  prelents  idelf  to  our  Senfe  ara 
Thoijighty  is  its  Termination.  Indeed  we  can  ap- 
proach nothing  widi  Senie,  but  as  it  is  terminated ; 
we  cannot  penetrate  the  inward  Farts  of  any  Body, 
but  only  view  iti  outward  Film  with  the  Eye,  and 
toi^  it  with  die  Hand,  Neither  can  we  concdve 
any  Magnitude  in  Thought,  at  leaft  diftindUv, 
but  only  as  it  is  contained  and  comprehended  witn- 
in  fbme  Limits.  We  may  indeed  h^ve  a  confufed 
Imaginadon  of  Ibme  Magnitude  in  Power,  fup- 
pofe  a  Right  Line,  as  Anjlotle  faid,  infinite  ;  1.  e. 
produced  or  encreafed  at  plcafure,  or  to  a  greater 
Diftance  than  'any  Dillance  afligned,  which  con- 
feouently  we  denominate  infinite.  Nor  is  the  Phi* 
iolophe^s  Definition  of  Infinite  improper,  though 
very  fubde ;  (i)  That  is  infinite^  from  which  if  one 
take  any  ^antityj  fomething  ftill  may  be  ajffumed 
beyond.  But  this  is  nothing  elfe  but  to  confider 
niany  Lines  fuccefiively,  according  to  a  certain 
arbitrary  and  indeterminate  Power,  and  not  one 
real  indeterminate  Line  diftindlly ;  which  accord- 
ing to  the  Philofopher  again  we  cannot  compre- 
hend in  the  Mind,  {k)  An  infinite^  fays  he,  as 
fucb  cannot  be  conceived  or  known.  The  fame  is 
of  an  infinite  Subdu£lion  or  Subdivifton^  by  which 
nothing  elfe  is  underftood,  but  that  a  Subtraftion 
or  Divifion  may  be  continued  at  plcafure,  with- 
out  being  brought  to  an  Impoflibility  of  proceed- 

0)  Phyf.  m.  9.         (k)  Phyf,  1. 5.-II.  10. 
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ingfiu-dier.  Again,  (/)  >i>^Ar/^  fpeakii^  of  Ma- 
thematicians £1789  Mathematicians  do  neither  want 
nor  ufe  infinite  MdpHtude^  hut  take  as  much  as 
tbey  pleafej  when  thrf  are  minded  to  terminate  it. 

When  we  conceive  a  lAne^  we  form  an  Idea  of 
fixnediing  like  a  very  fine  7^^^^^  extended  be- 
tween twoExtreams ;  or  at  lead:  returning  to  itfelf 
widi  one  Extreme,  as  is  done  in  Curve  Lines 
mhidi  inchide  a  Figure.  When  we  think  of  a 
Superfice^  we  imagine  fomediing  like  an  exceed* 
ing  thin  Cddck  or  Plate  encompafled  with  a  very 
narrow  Marmn.  When  we  Faint  the  Effigy  of  a 
Body  with  the  Fencil  of  die  Fancy,  we  for  the 
moft  Part  reprefent  to  ourlelves  a  certain  (^>aque 
Lump  on  every  Side  covered  with  an  exquifitely 
fine  and  thin  VeO.  When  we  imagine  an  yhgU^ 
we  conceive  ibme  intermediate  Space  included  be* 
tween  two  or  more  Lines  or  Superficies,  or  ibme 
fuch  Thii^.  Nor  is  it  otherwifc  concerning  yina- 
logical  ^antitiesj  viz.  When  we  think  of  a  H^eigbt^ 
we  think  of  fbme  Power  capable  of  elevating  fome 
terminated  Magnitude,  ex.gr.  one  or  more  Pounds  r 
When  we  meditate  upon  Motion^  we  imagine  a 
iucceffive  Tranfition  of  Ibme  Body  fh)m  this 
Term  to  that :  When  we  refledt  upon  Number  we 
ima^e  the  Repetition  of  an  Unit,  b^ihnm^ 
ibmewhere  and  ending  fbmewhere,  or  of  a  Multi- 
tude bounded  between  two  extreme  Units  taken 
inclufively.  I  fpeak  almoft  according  to  the  vulgar 
Notion ;  for  in  reality  Units  are  not  the  Terms  of 
Numbers,  though  themfdveshave  their  Terms,  viz. 
the  fame  with  the  Magnitudes  they  reprefent. 

Therefore  every  Quantity  is  conceivable  by  us 
a  difierent  Way,  being  terminated  in  fome  man- 
ner, and  as  fuch,  conduces  not  a  little  to  Ma- 
thematical Hypothefes.  For  from  hence  efpeci- 
ally  we  deduce  the  various  particular  Species  or 
•     (^/;  Phyf,  III.  II, 

Dimcn- 
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Dimenfions  of  Magnitude ;  and  in  ibme  fore  de- 
monftrate.  that  thev  are  not  fei^ied  at  random, 
but  have  a  real  Exiiienoe  after  their  own  Manner. 
For  we  may  argue  thus :  A  Body  or  foUd  Mag- 
mtude  ("which  no  Perfon  denies,  as  being  palpa* 
ble,  and  whatfoever  can  be  piefuppofed  fardier) 
on  no  Part  runs  out  to  Infinity,  but  is  terminated  on 
every  Side :  Which  Term  or  Boundary  is  not  di- 
vifible  inwardly,  or  as  to  its  Tkncknefs^  fer  if  it 
fhould  be  fo  divifible,  not  the  Whole,  but  <xily 
fomething  of  it  without  would  be  the  Teim, 
contrary  to  the  Hypothefis.  Hence  there  is  given 
fome  Term  d[  a  fiiid  Magnitude  indivifible  as  to 
Thicknefs^  which  is  called  a  Superfice  :  And  fo  we 
have  one  Mathematical  Hypothefis,  and  the  De- 
finition refulting  from  it.  Moreover  the  laid 
Superfice  is  not  any  where  unlimited,  but  is  in- 
cluded within  fome  Ambit  or  Extreme,  and  that 
Extreme,  by  a  like  Difcurfus  with  the  foregcnng, 
is  indivifible  towards  the  inward  Parts  or  as  to 
its  Breadth :  Let  the  Term  then  of  a  Superfice  be 
fuppofed  indivifible  as  to  its  Breadth^  which  call 
a  Lirte  :  So  another  Hypothefis  and  its  connate 
Definition  is  had.  In  like  manner  this  Line  is 
not  infinite,  but  inwardly,  i.  e.  on  either  Hand  it 
is  included  by  a  Term  as  to  its  Lengthy  and  by  a 
like  Reafon  are  thefc  Terms  perfeftly  indivifible : 
let  the  Term  then  of  a  Line  be  fuppofed  indivi- 
fible as  to  its  Length  J  and  call  this  a  Point  \  which 
is  every  Way  indivifible,  as  partaking  of  the  Indi- 
vifibility  of  a  Superfice  as  to  Depths  a  Line  as  to 
Breadth  ;  and  is  immediately  indivifible  in  refpedt  of 
Length  as  being  the  Term  of  z  Line.  Hence  a  third 
Hypothefis  with  its  conjunft  Definition  of  a  Point. 
Whence  it  appears  that  PointSj  Lines^  and 
Superficies  are  not  devifed  by  Mathematicians 
without  Foundation.  For  though  as  Terms  they 
feem  fcarce  any  thing  clfc  but  Negations  of  far- 
a  ther 
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tfaer  Ezcenfion  ;  yet  as  we  have  ieen,  they  are  Ne^ 
gatkms  founded  in  the  Thing,  and  well  perceived 
by  the  Underftanding,  viz.  like  Shadows  and 
Darkfufs  in  PbyficSy  or  Improbity  and  Ignorance  in 
EMcs  \  but  if  confidercd  in  another  refped,  they 
fcem  to  be  Attributes  very  real  and  pofitive.     JEat* 

C.  It  agrees,  and  is  attributed  to  a  Superfice,  to 
two  Ways  divifible,  to  be  encreafed,  diminilh- 
ed,  meafured,  be  congruent,  made  equal,  exceed, 
be  deficient,  alfo  to  be  every  Way  moveable,  and 
to  reft.  Nay,  as  I  have  intinrtated.  Superficies 
only  are  immediately  objefted  to  the  Senfes,  do 
fubjeA  die  Rays  of  Light  to  Colours,  rcfradt  and 
beat  back  the  Undulations  of  Sound  i  thcfe  do  re- 
ceive the  firft  Impetus  of  Motions  ;  by  thefe  alone 
do  Bodies  mutually  touch  one  another,  feeing  they 
cannot  pervade  or  penetrate  any  Part  of  one  an- 
other* Almoft  the  lame  or  the  like  Attributes  be- 
long to  Lines ;  by  thefe  are  reckoned  the  Diftancea 
of  Things  •,  according  to  thcfe  are  duiedted  the 
Rays  of  Light,  the  Defcent  of  heavy  Bodies,  and 
all  forts  of  Motion  •,  by  thefe  are  diftinguilhal  the 
Confines  of  Light  and  Shadow  ;  about  thefe  at  reft 
are  Bodies  revolved  ;  and  laftly,  thefe  are  capable 
of  being  produced,  contrafted,  divided,  meamred^ 
and  every  way  compared.  Nor  do  Points  them- 
ielves  fcem  to  want  fome  kind  of  Reality,  as 
having  a  fomewhat  obfcure,  and  very  fubtle  Entity. 
For  thefe  alfo  do  obtain  Motion  and  Reft  ;  Mo- 
rion indeed  together  with  the  Bodies  in  which 
they  are,  but  Reft  is  often  peculiar  to  them ;  as 
ex.  gr.  to  the  Center  of  a  Wheel,  the  Poles  of 
the  Earth  or  Heavens  :  for  fuch  Gyrations  arc 
performed  about  fomething  at  Reft,  and  do  pre- 
fcrve  fome  Place  of  themfelves  immutable.  Alio 
die  Moments  of  Bodies  do  confift  about  a  Pointy 
viz.  the  Center  of  Gravity  ;  in  it  they  gather  and 
ooite  their  Powers  *»  are  in  fome  Sprc  fupported 

L  and 
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and  fuftained  by  it;   according  to  it  their  Mo- 
tions obtain  their  Direftion.     Laftly,  towards  one 
middle  Point  in  the  Earth  do  all  Things  of  their 
own  accord,  as  with  confpiring  Wiflies  either  in- 
cline and  fall,  or  by  a  direft  Paflfage  fly  back  and 
recede  from  it.     But  let  us  hear  Prochts's  Elo^um 
concerning  a  Point,     (m)  The  Centers^  fitys  he,  in 
refpeSt  of  Ener^  do  juftain  the  Compofition  of  the 
Spheres  to  which  they  belongs    bounding  their  Di- 
ftancesy    ccmprehending   their  Powers^  and  umting 
them  together  into  themfelves :  And  the  Axes^  wbtle 
themfelves  remain  Jlablyfxed J  doturn^  revolve^  and 
carry  them  about  them.     And  the  Poles  rfSpbereSy 
as  determining  the  AxeSy  and  of  themfelves  compre- 
bending  all  other  Circumgyrations,  do  plainly  denote 
that  thofe  Pozvers  are  not  made  up  ana  compounded^ 
hut  that  themfelves  arc  the  fole  Commanders  of  the 
Union  of  tbofi  diftanl  ThifigSy  and  of  the  Ceffation  of 
the  Motion,     JVlxuce  Plato  afjlrms  them  to  be  made 
of  Aihim.u:t,  a  thing  fxedy  lafting  and  fable,  and 
pM'i.vhtg  their  Suhjlajjccs  to  he  thus  durable,  he  fays 
that  the  "icholc  CirctivizyratiGn  is  ur/ttedly  performed 
tibout  tbcfc,     Tliui  Proclus,  whofc  Words   in  my 
Opinion  are  more  fpxious  and  jx)pular,  than  true 
and  accurate.     For  notwirhftaiiding  I  am   not  of 
his  Sentiment  concerning  thcfvi   Indivifibles,  I  do 
not  think  tliat  Surcrfcks^  Lu-cs^  or  Points  poflcfs 
any  fcp.iratc  Exigence  or   T)ropcr   Efficacy  from 
themfelves  •,    or   are  orlvrwilL- dillinguiflied   fi'om 
a   foiid    Magnitude,    ti^..i:i    i;!   Thought  ;    but    I 
rather  imai;ine,  tliat  in  Rciilicy  there  is  only    one 
Species  of  Magnitude,  which  may  l^  liindry  Ways 
extended,    difKrciitly  divided,    and  undergo    the 
various  Corifiderations  of  ^'hu-ciie^.  Breadth  and 
Length,  and  affords  to  our  Kealbn  a  fit  Caufe  or 
Occafion  of  devifing  diat   Diftinftion  of  Magni- 

(m)  Tftiu  ^  KwTfu  KMT*  ittfyvMf,  &c, 
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tude,  as  it  were  imo  three  Species,  io  very  ufe* 
fill  and  accommodate  to  this  Science.  But  thcle 
Things  may  fuffice  to  be  fpoken  concerning  the 
Termination  of  Magnitude.  For  a  more  oppor- 
tune Place  will  offer  itfelf  for  treating  about  itis  par^^ 
ticular  Figuration. 

'    II.  Of  the  Extenfton  of  Magnitude. 

This  is  fuccceded  by  Extenfton^  whereby  is  fig-» 
nified  that  the  ^erms  of  Magnitude  are  not  im- 
nriediately  comoined  or  do  coexift,  but  have  fome- 
thing  interpoled  bctwceh  them.  For  the  Reafon 
of  a  ^erm  or  Eittrcme  requires,  that  fomething  be 
iiippofed  to  be  comprehended  within  the  TermSm 
(n)  Extremes  (lays  the  Philofopher)  cannot  confijt 
together  ;  for  that  which  has  no  Parts  can  have  na 
Extreme^  for  an  Extreme  is  different  from  that  ta 
which  it  is  the  Extreme  ;  and  elfewbercy  a  "Term  is 
one  Thing  and  that  to  which  it  is  the  Term  another^ 
We  cannot  indeed  conceive  any  Magnitude,  but 
as  extended^  and  having  Bounds  diftant  by  fome 
Interval:  We  cannot  conceive  a  Line  but  as  a 
Path  drawn  between  two  Places  as  Extremes,  not 
a  Superfice  but  as  a  Floor  lying  within  its  Limits, 
nor  a  Body^  but  as  a  Veffel,  or  Chamber,  contain- 
ing fomething  within  its  Walls.  For  Experience 
will  fuggeft  to  us  fiich  Reprefentations  and  Ideas 
of  Magnitudes.  In  like  Manner  fome  Sort  of 
Extenfton  agrees  with  analogical  Quantities  after 
their  Way.  For  between  that  Force  which  is  ca- 
pable to  lift  up  one  Pound,  and  that  which  can 
raife  Ten  Pounds,  there  lies  a  mean  Power  capable 
of  elevating  two,  three,  (^c.  Pounds ;  fi-om 
whence  a  Pound  is  extended  after  its  own  Manner. 
And  a  certain  Duration  intercedes  between  the  firfl; 

(n)  Phyf.  VI.  U 
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^nd  laft  Inftants  of  a  Year,  a  Moith,  a  Day,  or 
an  Hour  ;  according  to  which  is  the  Extenfiondl 
Time.  Alfo  there  lies  fome  Mean  between  the 
Beginning  and  End  of  MoHan  correlp(xideiit  to  the 
-Space  moved  over.  Laftly,  the  Extenjitm  of 
Number  is  the  fame  with  the  Magnitude  which 
it  denominates  and  reprefents,  viz.  The  Two, 
whereby  a  Line  of  two  Bdms  is  exprefled  is  ^- 
tended  to  the  Length  of  two  Palms  ;  die  Two 
whereby  a  Field  of  two  Acres  is  denoted  is  ftretchcd 
to  the  Breadth  of  two  Acres.  Since  therefore  it 
fufficiendy  appears  by  our  Conceptions  taken  fiom 
Experience  that  all  Magnitude  and  Quantity  is 
fome  how  extended^  it  will  be  lawful  for  Mathe- 
madcians  to  fuppofe  this,  and  draw  what  Confe- 
quences  they  can  from  fuch  Suppofirions :  and  fuch 
Hypothefes  as  thefe  following  ones  will  be  of 
Force.  Ex.  gr.  A  mean  or  middle  Lint  may  he 
ajjumed  between  two  affigned  Points  :  A  mean  Su- 
perfice  may  lye  between  two  expounded  Lines  :  Some 
interjected  Body  may  be  conceived  between  two  ex- 
treme  Superficies :  Some  mean  Time  may  be  under- 
flood  between  two  Injlants  :  Some  intercepted  Weight 
may  be  placed  between  two  Moments :  Some  inter^ 
current  Motion  may  be  directed  between  two  Terms. 
And  every  Suppofition  thus  aflumed  is  lawful. 
And  fo  much  for  Extenjion. 

in.  Of  the  Compofition  of  Magnitude. 

The  next  AfFeftion  of  Magnitude,  which  fol- 
lows its  Extenfton^  is  its  Compofition^  i .  e.  that 
Magnitude  contains  within  it  or  confifls  of  dif- 
•fcrent  Things.  For  becaufe  it  is  extended,  and 
its  Extremes  are  diftant  from  one  another,  there- 
fore the  WhoU  is  not  in  the  fame  indivifibk 
Place ;  whence  different  Things  may  be  affigned 
in  iti  and  coo^ietitly  it  is  compounded  of 
:  ••.  difierent 
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diffident  Things,  i.  e.  of  Parts  :  For  a  Magni- 
tude is  called  a  IVbole^  as  it  is  compounded  of 
difierent  Things  contained  in  it,  and  thofe  dif- 
ferent Things  are  called  Parts.  And  by  equal 
Reaibn,  fince  the  laid  Parts  taken  (ingly  are  not 
the  Jf^bole  takeo  conjunftly,  (for  if  they  could  be 
die  whole  Magnitude  taken  conjundly,  they  would 
coincide  with  the  Extreme  of  the  IVhole^  or  with 
the  Extreme  of  the  Part  adjacent  to  it,  and  con- 
iequendy  there  would  be  no  other  Mean  nor  Part) 
therefore  in  like  manner  difierent  Things  may  be 
afligned  in  it,  and  confequendy  it  is  compounded 
of  other  Parts^  and  thefe  again  of  others,  and  fo 
on  ad  infinitum^  i.  e.  as  long  as  we  can  imagine  it 
to  be  compel  of  Parts  ftill  more  minute. 
Whence  it  follows,  that  every  Magnitude  confifts 
or  is  conftituted  of  Magnitudes  homogeneous  to  it*- 
fclf,  a  Line  of  Lines,  a  Superfice  of  Superficies, 
and  a  Body  of  Bodies  -,  but  not  a  Line  of  Points, 
or  a  Superfice  of  Lines,  or  a  Body  of  Superficies, 
For  Points  ex.  gr.  in  refpedt  of  a  Line,  except  in 
the  Cafes  mentioned  above,  are  nothing  elfe  but 
Negations  of  fiirther  Extenfion,  and  do  fcarce 
obtain  any  Thing  pofitive  -,  and  moreover  as  Terms 
they  denote  fomething  interpofed,  as  not  being 
able  to  cohere  immediately  of  themfelves  ;  and  the 
Whole  of  a  Line,  whatfoever  it  be,  is  imagined 
between  them.  They  are  alfo  indivifible,  and 
therefore,  if  two  be  fuppofed  to  lie  one  upon  an- 
other, they  will  mutually  touch  each  other  through 
the  IVboUy  i.  e.  they  will  coincide  and  coexift,  and 
conieqdendy  do  conftitute  nothing  which  has  Ex- 
tremes or  is  extended.  So  reafons  the  (0)  Philofopher, 
fpeaking  of  Atoms ;  For  fince  they  touch  one  another 
in  one  Magnitude^  and  the  Magnitude  is  one  and 
continued^  and  they  are  taken  together^  they  do  make 

(p)  De  Gen.  (c  Corrapt.  1.  i .  c.  2. 
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the  Whole  no  greater^  becaufe^  though  the  Whole 
he  divided  into  two  or  more  Parts^  it  becomes  no 
lefs  than  before  :  So  that  if  they  be  all  joined  toge- 
ther they  will  make  no  Magnitude.  And  as  thefe 
are  in  refpeft  of  a  Body,  the  fame  is  a  Line  in 
rcfpeft  of  a  Supcrfice.  TKe  fame  Way  does  a 
Time  confift  of  Timc$,  not  Inftants  ;  a  Motion 
of  Motions  not  indivifiblc  Tendencies  :  a  Velocity 
of  Velocities,  and  a  Weight  of  Weights  neither 
of  Degrees  nor  Impetus's  abfolutely  the  leaft :  a 
Number  of  Units,  and  Units  of  FraAions,  not 
Cyphers.  Hence  alfo  it  is  apparent,  that  a  Point 
may  be  any  where  at  plea&re  affumed  ki  a  Line,  a 
line  and  a  Point  in  a  Superfice,  and  a  Siiperfice  a 
Line  and  a  Point  in  a  Body,  For  becaufe  fomc 
of  the  infinite,  or  rather  indefinite  (i.  e.  more 
than  any  Determinate  Number  of)  Parts  of  a 
Body  begins  or  ends  every  where,  therefore  its 
^erm  every  where  is  accounted  a  Superfice,  a 
Line  terminating  any  Part  of  that  Superfice,  and 
a  Point  any  Part  of  that  Line.  Nor  is  this  con- 
trary to  common  Si-nfc,  fince  we  often  appeal  to 
that,  as  being  die  Teft  and  Index  of  Experience, 
which,  as  has  been  often  inculcated,  is  the  Foun- 
dation of  Hypothefes.  For  we  can  have  no  pof- 
fible  Conception  of  any  Magnitude,  but  as  com- 
pounded of  Parts^  nor  of  thcfc  Parts  but  as  fome 
now  extended  and  confequently  made  up  alfo  of 
Parts.  A  Thing  perfcdly  incompounded  ob- 
faining  a  pofitive  Place  in  Matter  as  it  is  beyond 
fill  Senfe,  fo  does  it  exceed  all  Imagination.  It  is 
therefore  lawful  for  Mathematicians  to  fuppofe  this 
Compofttion^  and  whatfoever  immediately  follows 
it.  Such  Suppofitions,  not  to  ufe  Repetitions,  as 
1  fhall  fubjoin  in  treating  of  the  following  Propeny, 
which  has  the  clofcft  Connexion  with  this. 

Of 
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Of  the  Diviftbilily  of  Magnitude, . 

Divifibility  is  die  infeparable  Companion  of 
Compofition.  For  fince,  as  was  juft  now  fhewn. 
Magnitude  is  compounded  of  Parts  really  diftindt  j 
thefe  may  exift  afunder,  at  leaft  be  confidered 
feparately,  /.  e.  they  may  be  really  or  mentally  di- 
vided or  refolved  into  Parts.  Wherefore  the  Phi- 
lofopher  raifes  from  hence  die  Definition  of  Quan- 
tity ;  ^0  be  that  'wbich  may  be  divided  into  thofe 
things  which  are  in  it,  each  Part  of  which  (fup- 
jpofing  the  Parts  to  be  only  two)  or  every  one  of 
which  (if  more)  is  capable  to  exift  and  that  deter- 
fninately(p).  Confequendy  Divifibility  being  effentiai 
to  Quantity,  therefore  that  may  be  conveniently 
defined  from  it.  And  this  aptly  agrees  widi  the 
common  Concepdons  of  Men.  For  fome  affcrt 
an  indivifible  Quantity  in  Words,  but  none  I  be- 
lieve can  paint  its  Image  in  the  Mind  :  Exten- 
fion  vanifhes  with  Divifibility,  and  the  whole  with 
its  Parts.  The  Philofopher  defervedly  enquires 
{q)  What  that  is  which  cannot  be  divided  ?  Why 
Nothing  at  all.  This  prevails  in  all  Magnitude  ; 
and  by  a  like  Reafon  in  all  its  Parts  alfo;  As 
All  do  confift  of  Parts,  fo  may  All  be  refolved 
into  one  kind  of  Parts  or  another.  There  is  no 
Part  in  any  kind  of  Magnitude,  which  is  abfo- 
lutely  the  leaft.  Whatfoevcr  is  divided  into  Parts, 
is  divided  into  Parts  which  are  again  divifible.  / 
fayy  fays  (r)  Ariftoiky  wbatfoever  is  continued  is  aU 
ways  divifible  into  Parts  again  diviftbU. 

I  am  not  ignorant,  for  few  can  be  ignorant, 
how  difficultly  this  E)o6trine  is  admitted  by  fome, 
and  entirely  rejedled  by  others  j  and  with  what 

(p)  Met.  IV.  13.  {^)  Tc  Gen.  &  Conupt.  1.  2. 

(r)  PhyCVI.  I. 
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Stiflfhefi  the  Controvcrfy  about  the  perpetual  JDi- 
viftbility  of  Quantity,  and  Compofitim  of  Magni- 
tude is  every  where  treated,  viz.  fKhetber  it  do  con;- 
fift  of  Parts  indivifibUj  or  bomogej^s  \  which  J 
am  fenfible  is  involvoi  in  many  l^fficuldes,  and 
obnoxious  to  many  contradiftpry  Querks,  efpe- 
cially  by  Reafon  of  the  intervening  Conception  of 
Infimty,  which  is  not  perfeftly  comprehenlible  to 
us.  But  I  have  no  Mind  at  prefent  to  turn 
pver  fo  many  Trifles,  to  untie  fo  many  Knots, 
and  to  enter  upon  a  trite  Queftion  fo  vexatious, 
prolix,  and  perplexed  ;  the  accurate  handling  of 
which  would  fill  a  whole  Volume,  and  require 
more  Care  and  longer  Delay,  than  would  at  this 
Time  be  worth  the  while  to  lay  out  upon  it.  It 
may  fuffice  that  the  perpetual  Divi/ibility  and  Com- 
fofition  of  Quantity  out  of  common  homogeneous 
Parts,  as  we  have  intimated,  does  anfwer  well  to 
the  Ideas  of  Men  ;  and  that  mod  of  the  exceU 
ienteft  Philofophers  have  fuppofed  and  defended  it. 
Among  whom  in  the  firft  rlace  we  may  reckon 
Plato^  if  ylriftotle  be  to  be  credited.  For  alfi 
PlatOj  lays  (m)  he,  does  therefore  make  two  kinds 
ef  Infinites^  hecaufe  be  thinks  there  is  an  infinite 
Procedure  both  in  Augmentation  and  Diminution. 
Next,  Ariftotle  himfelrnot  only  aflerts  but ftrongly 
proves  it  in  many  Places,  vide  Phyf  Aufc.  VI.  I. 
De  Gen.  &  Corrupt,  L.  2.  and  in  a  particular  very 
learned  Book  concerning  indivifible  Lines.  Again 
the  whole  School  of  the  Stoics^  and  among  them 
the  moft  acute  Chryftppus  is  faid  to  have  given 
their  Suffrages  to  this.  Alfo  among  the  modem 
Philofophers  the  moft  fubtle  Cart^tus  gives  his 
voice,  and  not  only  well  nigh  demonftrates  that 
]^Iatter  is  infinitely  divifible,  but  that  it  a6lually  Is 
(^vided  ;    which   he  does    by  an  Argument   in 

(/)  Pliyf.  IV.  6, 

Fhyfics 
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Hiyfics  fetched  from  the  continued  Motions  per- 
formed along  the  unequal  Interlaces  of  excen- 
trie  Circles. 

Add  to  thefc  the  neceflary  Conlent  of  all  Ma- 
thematicians ;  for  though  they  fcarce  do  any  where 
openly  fuppofe  this,  yet  they  often  afliime  it  co* 
verdv ;  and  except  it  be  true,  moft  of  dieir  De- 
monraations  muft  fall  to  the  Ground:  Theyaf- 
iiime  it  covertly,  I  fay,  as  in  the  Definition  of 
a  Right  Line,  whether  i^  be  laid  to  lie  evenly 
between  its  Points,  or  be  defined  to  be  the  fliorceft 
of  all  Lines  that  can  be  drawn  fix)m  one  Point  to 
anodier*  For  how  can  a  Line  conlifting  only  of 
two  Points  lie  at  all  between  its  Points.  And 
if,  in  Condelcenfion  to  our  Adverfaries,  die  Semi- 
dumeter  of  a  Circle  be  fuppofed  to  conlift  only 
of  three  Points,  it  will  be  equal  to  the  fide  of 
in  Hexagon  infcribed  within  that  Circle  ;  but  the 
fixth  Part  of  the  Circle's  Circumference  will  not 
reach  to  four  Points,  for  then  the  whole  Circum- 
ference would  confift  of  twenty  and  four  Points, 
and  confcquendy  would  be  four  times  its  Dia- 
meter, contrary  to  the  manifcft  Demonftrations 
of  Arcbtmedes^  and  even  to  common  Senfe  itfelf^ 
whereby  the  Circumference  of  a  Circle  is  known 
to  be  lefler  than  the  Perimeter  of  its  circum- 
fcribed  Square  :  And  if  the  fixth  Part  of  die  Cir- 
cle's Circumference  do  not  reach  to  four  Points, 
then  according  to  the  Hypothefis  of  the  Advo- 
cates for  Indivifibles,  it  can  by  no  means  exceed 
three;  and  therefore  it  will  not  be  greater  than 
its  Subtenfe,  nor  confequendy  will  a  Right  Line 
be  the  fhorteft  of  all  Lines  which  can  be  de- 
fcribed  between  the  fame  Points.  And  the  like 
Difficulty  will  follow,  if  the  Semidiameter  of  a 
Circle  be  fuppofed  to  confift  of  five  Points  ;  for 
the  Circumference  of  fixty  Degrees  will  not  reach 
6k  Points,  becaufe  then  the  whole  Circumference 

would 
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would  contain  thirty  and  fix  Points,  u  e.  it  would 
exceed  three  and  a  half  of  the  Diameter,  which 
is  ag^in  contrary  to  common  Senfe,  as  may  be 
cafily  demonftrated.  Which  Confideration  alone 
may  fufEce  to  overthrow  the  contrary  C^inion,  at 
leaf):  it  plainly  declares  its  Repugnance  with  Ma- 
thematical Principles.  AlTo  fince  a  Rig^  Line  is 
fuf^ied  to  be  drawn  fixxn  a  Point  to  a  Point, 
how  can  that  confift  with  Indiftance,  or  the  im- 
mediate Coherence  of  Points  ?  Moreover  when  it 
is  affumed  that  two  Right  Lines  after  Concourfe 
do  inunodiately  feparate,  or  depart,  fiom  one  an- 
other, and  cut  not  one  anodier  any  where  bat  in 
one  Point,  nor  have  any  common  Part  beyond 
the  P<Nnt  gS  Interfeftion,  and  the  like  ;  thefe 
things  are  manifeftly  defboyed  by  the  Siq>pofi- 
tion  of  Indivifibles.  For  if  the  Circumference  of 
a  Circle  be  fuppofcd  to  confift  of  any  Number  of 
Points  to  every  one  of  which  Radii  are  drawn 
fiom  the  Center,  it  is  very  evident,  that  the  Cir- 
cumferences of  more  concentric  Circles  will  confift 
of  the  fame  number  of  Points  with  the  former,  and 
confequendy  are  equal  to  it,  which  is  moft  abfurd: 
Orotherwi^  thefe  RaM  do  touch,  meet,  or  interfed 
one  another  in  fome  Place  elfe  than  the  Center. 
And  as  to  Geometrical  Conclufions,  How  can  a 
Right  Line  be  biflfcdbcd  confifting  of  unlike  Points  ? 
How  can  any  Line  be  divided  into  the  feme 
Number  of  equal  Parts  which  are  fuppofcd  in  any 
other  ?  How,  if  the  Legs  of  a  Triangle  be  any 
way  unequal,  can  Parallels  be  drawn  to  the  Bafis 
through  any  Points  of  the  greater,  which  pafling 
through  the  lefler  L^  do  not  coincide,  interfed, 
or  touch  one  another,  contrary  to  the  Nature  and 
Definition  of  Parallels  ?  And  if  the  Legs  be  much 
greater  than  the  Bafis,  how  can  Parallels  grow  uni- 
formly or  keep  the  fame  Proportion  with  the  Parts 
intercepted  to  the  Vertex  of  the  Legs^  fo  as  not  by 

much 
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much  to  eiccced  the  Bafes,  which  yet  are  fenfibly 
lefler?  How,  in  the  fame  Right  Line  indefinitely 
produced  to  any  Number  of  Centers  (fuppofe  ten 
Millions,  or  as  niany  as  you  pleafc)  can  Circle  de- 
fcribed  through  the  End  of  the  laid  Right  Line 
couch  one  another  only  in  one  Point :  According 
to  that  moft  manifeft  Precept  of  Geometry,  whence 
it  plainly  follows,  that  a  Right  Line,  how  fmall 
foever  and  near  the  Point  of  Contad,  if  it  cut  the 
Circumference  of  diefe  Circles,  it  cuts  it  in  an  inde^ 
finite  Number  of  Points,  and  confequendy  in  an 
Infinity  of  Points  in  Power  ?  -How,  according  to 
pur  Advcrferies,  can  a  mean  Proportional  be  found 
between  two  Right  Lines,  one  ex.gr.  confifting 
of  fcven  and  the  other  nine  Points ;  or  hbw  can  a 
third  Proportional  be  e^diibited  to  the  fame  feven 
and  nine  ?  For  if,  for  finding  the  Mean,  a  Semi- 
circle be  made  upon  thofe  Lines  joined  together 
as  a  Diameter,  and  a  Perpendicular  be  erefted  fit>m 
the  common  9Vm  of  the  Segments,  that  Perpen- 
dicular will  not  be  the  Mean  Proportional  required 
between  the  faid  Right  Lines,  becaufe  there  can 
be  no  fuch,  according  to  the  contrary  Suppofition. 
How  does  not  this  entirely  deftroy  every  Incon- 
gruity of  Magnitudes,  which  is  fhewn  by  Geome- 
tricians in  fo  many  Examples,  and  fuppc^ed  with 
fo  many  Demoiilrations  ?  Since  a  roint  is  the 
common  Meafure  of  all  Magnitudes,  and  every 
one  Magnitude  is  to  another  as  a  Number  of 
Points  to  a  Number  of  Points,  if  Lines  confift 
of  Points,  Superficies  of  Lines,  and  Bodies  of  Su- 
perficies. How  is  not  the  whole  Doftrine  of 
Afymptotical  Lines  thus  effedhially  overthrown  ;  a 
Doftrine  indeed  wonderfiil,  but  no  left  certab 
and  evident  than  any  other  Part  of  Geometry, 
which  either  invincibly  confirms  the  infinite  Pivifi- 
bility  of  Magnitude,  or  coincides  together  with 
it ;  fipce  it  is  clearly  demonftrated  by  it,  chat  the 
^  fmallcft 
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fmallcft  Line  is  not  cxhaufted  bf  a  condnuod 
Dccreafe  ad  infimtumj  nor  made  ecpial  to  a  nvm 
Line  ban  yerv  little  greater,  by  a  cootinued  In- 
creafe  ad  infinitum  f  How  laftly  is  not  all  tiie 
Difierence  alfo  of  Motions,  as  to  Velocity,  taken 
away  by  this  means.  Ex.  fr.  If  a  moveable  Point 
run  though  five  Points  m  one  Time,  how  cut 
anodier  perform  the  fubduple,  fd>tri|^,  or  fidb* 
auadruple  of  that  Space  in  the  iameTinie,  when 
tne  Whole  is  not  caps^  of  bebg  divided  into 
thefe  Parts?  Nay,  1  could  devife  and  produce 
even  an  Infinity  of  fuch  Inflances,  yAacfby  k 
may  be  proved  fitxn  this  AflGsrtion  of  Compofition 
out  of  Indivifibles,  that  the  whole  of  Geometry  is 
altogether  fubverted  and  dcftroyed,  having  nothing 
left  in  it  found  and  folid  :  And  tlierd>y  a  hugje 
and  deplorable  Ruin,  Confiifion,  and  Inconfiftency 
is  broueht  upon  this  mc^  Divine  Science  ;  whc^ 
Principles  (f)  notwithftanding,  befides  their  Evi- 
dence and  the  Rigour  of  its  Reafonings,  are  fi> 
firmly  eftablifhed,  as  well  by  their  wonderful  Con- 
Ibnance  one  with  another  wliich  could  not  hap- 
pen if  they  were  falfe,  as  by  their  perpetual  and 
exQuifite  Agreement  with  Experience  »  lb  that  the 
Poles  of  the  (u)  World  will  be  fooner  removed  out 
of  their  Places,  and  the  Fabrick  of  Nature  de- 
firoyed,  than  the  Foundations  ^iSeometry  fiul  or 
its  Conclufions  be  convinced  of  Falfity. 

But  we  muit  leave  this  Queftion,  and  I  fhall 
briefly  obfcrve  to  you,  that  all  the  principal  Argu- 
ments, which  are  brought  a^inft  the  perpetual 
Divifibility  of  Quantity,  are  either  mere  beggii^ 
theQueition,  or  depena  upon  falfe  Suppofitions,  or 
lafUyhave  no  Relation  at  all  to  the  Matter.  Epi- 
airus  objeasforthe  Patronage  of  his  Atonis,  that 
if  the  Parts  of  Magnitude  be  infinite,  it  is  unin- 
Delli^le  how  a  fimte  Magnitude  can  confift  of 

(/)  Arift,  de  Odo  J.  5,  («}  Arift.Etb.  I.  ^. 
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fuch  Parts.  And  what  is  this,  but  to  beg  the 
Queftion,  or  conclude  a  Thing  fix)m  itfclf  ?  For  k 
is  fought,  whether  a  finite  Magnitude  (we  fpeak 
not  of  an  infinite  one)  can  have  an  Infinity  of 
Parts.  Our  Adverfary  fays  it  cannot  be,  the 
Thing  is  unintelligible.  But  he  had  more  appo- 
fitely  required  an  Explication'  of  the  Manner  how 
it  may  be  done,  than  to  have  concluded  that  it 
cannot  be  done.  To  which  Queftion  I  might  an* 
fwer,  that  it  is  indeed  contrary  to  Reafon  for  a  fi- 
nite Magnitude  to  have  any  determinate  Denomi- 
nation of  Parts  {ex.  gr.  its  Hundredth  or  Thou- 
fandth  Parts)  infinite,  nay  it  is  a  ContradiAion  for 
it  to  have  more  than  a  Hundred  or  a  Thoufand  of 
fuch  Parts ;  but  I  do  not  fee  any  ContradiAion  in 
its  having  more  than  ten  Millions  of  Parts,  or  more 
than  can  be  exprefled  by  any  Number,  nay,  rather 
I  conceive  it  to  be  very  agreeable  to  Reafon.  It 
is  certain  that  as  whole  Numbers  may  be  infinitely 
encreafed  by  Addition,  fo  on  the  contrary  may 
Fradtions  be  infinitely  decreafed  by  Pivifion,  viz. 
as  a  Number  may  be  conceived  greater  tlnn  a 
Thoufand,  fo  may  a  Part  the  fame  way  be  con- 
ceived below  a  thoufandth  Part ;  it  is  the  Sign  of 
Magnitude,  to  which  they  correfp(Mid,  to  encline 
equally  on  either  Side  to  Infinity.  Nay  it  is  plainly 
Caught  and  demonflrated  by  Arithmeticians,  that  an 
infinite  Series  of  Fractions,  decreafing  in  a  certain 
Proportion,  is  equal  to  a  certain  Number,  or  to 
Unity,  or  to  a  Part  of  an  Unite  -,  ex.  gr.  that  fuch 
a  Series  of  Fraftions  decreafing  in  a  fubfefquiaUer 
Proportion  is  equal  to  TVe;^?,  in  ^fuhduple  Proper- 
tion  to  Unity ^  in  ^fubtriple  to  one  half\  from  whence 
it  is  not  inconfiflent  for  fomething  finite  to  contain 
m  it  an  infinity  of  Parts:  efpecially  fince  nothing 
agrer::;  ^^  itl;  Number,  which  does  not  with  more 
rig]  it  u  • :  u  e  w  i  th  Magmtude,which  Number  reprefents 
and  dtiiominates.  And  indeed  if  we  do  butconfider. 
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diatasthe  Mukitude  of  PaAscsicrcaies  lb  doesdidr 
A^iLgnitude  reciprocally  dtatafe, .  it  will  be  00 
Difficulty  to  inu^^ne  what  way  a  finite  Thing  may 
omfift  of  infinite  Parts.  So  that  if  it  have  three 
Parts  each  of  thefe  is  no  more  than  one  diird  Part 
of  the  Whale,  iffbur,  one  fburdi,  &c.  dudrSnuU- 
neficompenSuingtheMukttiide.  ButfpfMrai,  or 
Lacraius  in  hb  Nanoe  urges : 

Practerea  nifi  crit  minimum,  parvifiima  qoaBqoe 
Corpora  conftabunt  ex  partibus  infinitis. 
Ergp  rerum   inter   fe   fummam   mii^mamqiie 
quideflet? 

Bejides  if  we  in  Matter  doift  admit 
Some  Particle^  than  whicb  none  can  be  lefSf 
9ien  the  minuteft  Bodies  will  contain 
Parts  without  Number ;  — — 

Right  fo  far,  but  what*s  the  Confequenct. 
^and  of  Confequence 


No  Difference  will  be  found  *twixt  Great  and 
SmalL 

He  imagines  that,  if  our  Hypothefis  be  admitted, 
the  leaft  Quantity  will  equal  the  greateft,  a  Grain 
of  Poppy  will  be  as  much  as  the  whole  Univerfc, 
and  a  Fly  no  lefs  than  an  Elephant  ;  becaufe 
chofe,  as  weU  as  rhefe,  do  contaui  infinite  Pans. 
But  this  way  of  arguing  proves  nothing:  For 
what  hinders  a  fmall  Thing  from  having  as  many 
kflfer  Parts  as  another  greater  Thing  has  greater  j 
and  that  a  Shilling  may  be  diftributed  into  as 
many  Pence  as  a  Pound  into  Ounces  ;  or  that  a 
Foot  may  contain  as  many  Oftants  as  a  Mile  it- 
fclf  does  Furlongs.  And  why  may  not  the  lame 
Proportion  which  is  between  the  Globe  of  the  Earth 
and  a  Grain  of  Sand,  be  between  that  Grain  of 
Sand  and  feme  other  minute  Panicle  gf  Matter^  i.  e. 

as 


>BCT.IX.    Mathematical  heBures.  159 

s  <^en  as  the  firft  contains  the  fecond,  fb  dstsxi 
Iocs  the  fecond  comprehend  the  third  ?  Since 
5o  D  is  able  to  create  a  World  in  all  Refpe<5b 
ke  this,  which  may  be  no  greater  than  the  mi- 
uteft  Piece  of  Duft  or  Sand.  Therefore  both 
rhat  is  greater  and  what  is  lefler  may  confift  of 
[ifinite  Parts,  only  the  Parts  of  that  will  be 
;reater,  and  of  this  lefler  ;  viz,  fo  much  lefler 
1  Proportion,  as  this  Whole  is  left  than  that 
^hole. 

But  again  they  infifl:  that  at  lead,  according  to 
lur  Aflertion,    it  muft:  follow  diat  Infinits  may 
)e  unequal  •,  becaufe  the  Number  of  Parts  in  a 
Line  of  two  Feet  will  be  twice  as  much,  as  an  in- 
inite  Number  of  Parts  in  a  Line  of  one  Foot, 
ince  whatfoever  the  former  Number  be,  it  is  molt 
evident,  it  muft  contain  this  twice  ;  but  (fay  they) 
t  feems  abfurd  for  an   infinite  to  be   exceeded, 
rontained,  or  multiplied.     I  anfwer,  that  the  Quef- 
ion  is  again  begged  in  this  principal  Argument  of 
Dur    Adverfaries :   1.  e.    they   conclude  the   fame 
:hing  from  itfelf  exprefled  in  other  Words.    For 
in  infinite  Number  denotes  nothing  elfe,  but  that 
he  Thing  to  which  it  is  attributed  may  be   di- 
vided or  conceived  to  be  divided  ad  infinilum  ; 
«rhich  we  aflfert  to  agree  as  well  with  the  Line 
af  one  Foot,  as  that  of  two  ;  notwithftandlhg  one 
is  double  the  other  :  This  on  their  Part  they  deny 
in  other  Words,  but  bring  no  new  Argument  to 
fupport  their   Opinion.     Number  indeed  (as  has 
been  often  inculcated)  whether  finite  or  infinite  has 
neither  Equality  nor  Inequality  of  itfelf,  in  refpeft 
of  another  Number,  unlels  fo  far  as  each  Num- 
ber defigns  and  reprefents  a  Magnitude  of  the  fame 
Kind  -,  wherefore,  to  fay  that  this  infinite  Num- 
ber is  greater  than  that  infinite  Number,  and  to 
Konounce  this  abfurd,  is  all  gne  as  to  fay  that  this 
Magnitude  which  is  conceived  to  be  divided  ad 
I  infinittim 
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infinitum  is  greater  than  that  which  is  alio  con- 
ceived to  be  divided  ad  infinitunij  and  hence  to 
conclude  the  Thing  abfurd,  i.  e.  to  deny  our  Po^ 
fidon,  but  not  to  oppofe  it  with  any  new  Device. 
Befides  I  affirm,  that  it  feems  no  way  abfurd  for  an 
Infinite  to  be  contained  within  an  Infinite,  i.  e.  for 
an  infinite  Magnitude  to  be  contained  within  an  infi- 
nhe  Magnitude,  or  an  infinite  Number  within  an  infi- 
nite Number  ;  for  if  a  Right  Line  be  fuppofed  to 
be  extended  infinitely  in  Space,  which  is  imagined 
by  the  mcA  Part  to  be  immenfe,  it  will  doubdefs 
contain  an  infinite  Number  of  Feet,  an  infinite 
Number  of  Paces,  and  an  infinite  Number  cxf 
Furl(»igs :  Alfo  an  infinite  Right  Line  ¥dU  be 
(rfbier  contained  in  an  infinite  Superfice  ;  and  this 
Superfice  again  innumerable  Times  mott  in  an 
infinite  folid  Body.  And  the  fame  way  may  in- 
finite Years,  more  infinite  Days,  and  yet  more  in- 
finite Hours,  and  laftly  moft  of  all  infinite  Mo- 
ments, be  «ifily  conceived  in  an  eternal  Duration. 
You  will  lay  thefe  Pofitions  are  impoflible  and  ab- 
furd. I  anfwer,  fince  the  Adverfary  builds  his 
Arguments  xipon  the  Nature  of  Infinite,  it  may 
furely  be  lawful  for  us  to  fuppofe  it,  and  though 
the  Pofidon  of  the  Thing  itfelf  may  perhaps  be 
impoflible,  yet  the  Confequence  is  manifeft  and 
perceptible  ;  viz.  that  it  is  no  where  repugnant  (as 
they  would  have  it)  with  the  Nature  ot  an  Infinite 
to  be  contained  in  another  Infinite  :  as  it  is  fuffi- 
ciently  evident  diat  to  have  Feet  or  Horns  is  not 
repugnant  to  the  Notion  of  an  Hircocervus  (i.  e.  a 
Creature  half  Goat  half  Buck)  though  it  be  natu- 
rally impoflible  for  fuch  a  Creature  to  exifl:.'  And 
the  Epicurean  Advocates  of  Atoms  do  own  as 
much  themfelves  :  What  elfe  means  their  Vacuum 
infinite  in  Magnitude,  and  their  Atoms  infinite  in 
Multitude,  which  Plutarch  relates  to  have  been 
taught  by  Epicurus  himfelf?  And  the  lame  is 
atteftcd  hy  Lucretius.  '  mm^patct 
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■  ■  patet  ingens  copia  rebus 
Finibus  exemptis  ia  cundlas  undique  partes* 

j1  Multitude  immenfe  extends  itfelf 
To  every  Part  of  the  unbounded  Space  ; 
There  being  no  Limits  to  be  fet  to  Things  * 

Which  being  fuppofed  it  plainly  appears  thac 
an  infinite  Number  is  in  Fa£t  comprehended  within 
an  infinite  Number,  and  an  infinite  Space  within 
an  infinite  Space.  For  in  an  infinite  Number  of 
Atoms  are  contained  an  infinite  Number  of  06bo- 
naries,  a  more  infinite  Number  of  Qimtemaries, 
and  again  a  more  infinite  Number  ofl^airs,  and 
an  infinitely  more  infinite  Number  of  Unites* 
And  the  lame  of  Spaces* 

Laftly  Zeno  objefts  againft  our  Opinion,  that 
a  Space  confifting  of  infinite  Parts  cannot  be  pafled 
over  fucceffively,  and  confequendy  he  thus  takes 
away  Morion  fi-om  the  Nature  of  Things.  I  re* 
ply  in  a  few  Words,  that  this  will  follow  rightly, 
if  the  mpveable  Body  be  fuppofed  infinitely  (low  j 
but  if  it  have  any  Velocity,  that  will  anlWer  to 
fome  determmate  Part  of  Space,  which  will  confe- 
quendy be  meafured  by  the  moveable  Body  in  a 
Time  afligned. 

I  obfcrve  that  they  who  would  have. Magnitude 
conftituted  of  a  finite  Number  of  Indivifiblcs  (v/kich 
Opinion  is  ftill  more  repugnant  to  the  Laws  of 
Geometry)  do  yet  agree  in  moft  Things  f lid  againft 
the  Compofition  from  Indivifibles.  With  whom 
perhaps  may  be  reconciled  (fince  it  differs  no  other- 
wife  than  in  the  Manner  of  Speaking)  the  Opi- 
nion of  Galilaus  and  others  following  him,  who 
think  it  to  be  compounded  of  an  infinite  Num- 
ber of  Atoms.  But  I  pafs  by  this  Opinion,  for 
if  I  ihould  minutely  examine  all  Things  tlm  oc- 

M  "  cur 
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cur  to  my  Thoughts,  my  Difcourfc  would  grow 
CO  an  immenfe  Bulk.  I  therefbre  leave  many 
Things  to  be  comefted  by  your  nrwre  mature  Judg- 
ment, and  fupplied  with  greater  Care. 

But  not  to  prolong  this  tumultuary  Diicourfe  ad 
infimtumj  I  deny  not  but  it  is  difficult  to  be  un- 
derftood,  how  every  fmgle  Part  can  be  divided  {o 
as  all  not  to  be  actually  reduced  by  the  Divifion 
CO  Indivifibles,  or  to  Nothing  or  what  b  next  to 
Nothing  :  Nor  yet  do  I  think,  by  reafbn  of  the 
Imperf^ion  of  the  Mind  of  Man  and  the  Small- 
nefs  of  our  Capacities,  that  therefore  the  Truth  is 
CO  be  defcrted,  when  proved  by  fo  many  evident 
Tokens,  and  fupported  by  fo  many  ftrong  Ai^u- 
ments.  //  is  indeed^  fays  Arijlotle^  contrary  to  kta- 
fin  to  fuhmtt  to,  or  Jink  down  under  our  Infirmity^ 
becaufe  we  cannot  repel  all  Injiances  \  and  caft  our- 
filves  into  greater  Errors^  becaufe  we  are  net  able 
to  free  ourfehes  from  lejfer  Difficulties.  To  whom 
Cartefius  (x)  agrees  in  a  like  Prudence.  Though  we 
are  not  able  to  comprehend  how  this  indefinite  Di- 
vifion  can  be  performed,  yet  we  ought  not  there- 
fore to  doubt,  but  it  may  be  performed  ;  becaule 
we  clearly  perceive  it  to  follow  of  neceffity  from 
,  the  Nature  of  Matter,  a  Thing  moft  manifeftly 
known  to  us,  and  we  do  alfo  perceive  it  to  be  of 
that  kind  of  Things,  which  cannot  be  compre- 
hended by  our  Minds,  as  being  finite. 

It  follows  therefore  that  every  Quantity  is  com- 
pounded of  Parts  that  are  compounded,  and  may 
oe  divided  into  Parts  that  are  again  divifible,  and 
confequently  that  Mathematicians  may  build  Hy- 
pothefes  upon  thefe  Foundations.  Such  viz.  as  thefe 
and  the  like  :  From  any  greater  Magnitude  may  be 
fubtra£led  one  equal  to  any  leffer :  Between  two  ho- 
mogeneous unequal  Magnitudes  may  be  ajfumed  a 

V*)  Princip.  II.  34* 
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Mean  Magmtude  of  the  fame  Kind :  A  Point  may 
tk  affumed  awf  where  in  a  Line ;  a  Point  and  d 
Line  in  a  Superfice  ;  and  a  Pointy  Line^  and  Su^\ 
ferjice  in  a  Body :  Every  Magnitude  has  its  homo* 
geneous  Parts  capable  of  being  denominated  by  any 
Number y  ex.  gr.  its  "Tenths  Hundredth^  ^oufdndtb^ 
&c.  Parts  \  nor  is  it  contrary  to  Reafbn^  if  for 
Speculatunfs  fake^  they  be  fuppofed  to  he  any  how 
divided^  &c.  But  it  is  not  my  Deflgn  to  enumerate 
all  Hypothefes,  but  only  to  open  their  Fountains* 
Other  Attrilxttesof  Magnitude  remain,  which  Time 
will  not  permit  me  to  purfue  farther  at  prefent* 

LECTURE   X. 

Of  Spacey  and  Impenetrability.^ 

SI>ICE  the  Thread  of  my  Difcourfe  has  led 
me,  for  the  lake  of  Mathematical  Hypothefes, 
to  treat  erf"  the  more  common  AfFeftions  of  Mag- 
nitude ;  and  fmce  I  have  already  fpoke  fomething 
(little  indeed  confidering  the  Dignity  of  the  Sub- 
jeft,  but  enough  for  our  Defign )  concerning  fomc 
Things  which  firfl  offer  themfelves,  viz.  the  TVr- 
minationy  Extenftony  Compojition^  and  Diviftbility  of 
Magnitude  ;  it  now  follows,  that  I  fhodd  touch 
upon  what  remains,  viz.  its  Occupation  of  Space^ 
Determinate  Pojition^  Mobility y.Menfur ability yPro-^ 
portion^  and  whatfoever  elfe  occurs  from  whence 
Mathematicians  do,  or  lawfully  may,  draw  Hypo- 
thefes fuited  to  their  Ratiocinations. 

In  the  firft  Place,  it  is  wont  to  be  attributed  to 

Magnitude,  diat  it  occupies^  or  Jills  Space.    But  it 

'is  difficult  to  explain  what  this  Space  is.     For  if 

we  ddicr  atrad  to  vulgar  Concept^,  or  ^xamine 

~       M  a  «U 
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the  more  fiibtle  Sentiments  of  Philoibphers,  it  ii 
not  eafy  to  determine  whether  there  really,  is  any 
Space  diftindb  from  Magnitude  or  not ;  the  Opi* 
nions  on  each  fide  feemmg  bodi  to  depend  upon 
very  fpecious  Arguments,  and  be  prefled  with 
weighty  Difficulties. 

On  the  one  Hand,  thefe  Arguments   fecm  to 
make  it  fufficiently  plain,  that  there  is  really  no 
fuch  Thing  as  Space  eirifting  feparate  from  the 
Quantities  of  Things.     And  that  firft,  becaufe,  if 
itbe  unproduced  and  indepoident,  it  muft  confe- 
quendy  oe  alio  eternal  and  immenle  (for  were  it 
not  (fay  they)  that  fuch  a  Thing  b  for  the  moft 
Part  conceived  and  fuppofed  by  the  Aflertors  of 
real  Space  ;  if  fuch  a  Thing  be  not,  then  every 
Reafon  will  fail  upon  which  it  is  fuppofed,  as  will 
appear  to  any  one  who  weighs  the  Caufes  of  fram- 
ing it  i)  but  for  any  Thing  to  partake  of  the  Angu- 
lar Attributes  of  the  Divine  Nature,  fuch  as  not  to 
be  created   nor  dependent  upon  God,  feems  con- 
trary, as  well  to  right  Reafon,  as  Religion.     Again 
if  we  examine  the  Idea  of  Space  Whatfocver  it  be, 
we  feem  to  apprehend  nothing  by  it  but  a  certain 
Extenfion   and  indefinite  Capacity  ;    which,  fince 
they  are  Properties  of  Magnitude  itfelf,  do  argue 
no  Difference  of  Space  from  Magnimde ;  for  why 
Ihould  that  differ  in  the  Thing,  which  agrees  in 
the  Properties?  And  this  is  not  only  the  Argument 
of  Carteftus^  but  of  Arijlotle  himfelf.     If  (feys  the 
PhilofopherJ  the  Magnitude  of  lyings  have  nothing 
in  itfelf  different  from  Space^  then  wherefore  is  the 
Bulk    of  a   Thing    diftinguifhed   from    its    Space  ? 
Moreover  if  Space  be   any  Thing  different  firom 
Magnitude,  we  may  enquire    to  what  Claflis  of 
Things  it  is  to  be  referred  :  For  every  Thing  ci- 
ther fubfifls  of  itfelf,  or  is  an  Accident  to  another 
Thing  ;  but  neidier  of  thefe  feems  to  agree  with 
Space.    The  Patrons  of  Spa^e  do  not  escalt  it  to  the 

Dignity 
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Dignity  of  a  Subftance,  nor  will  the  Thing  itfclf 
bear  it.  Neither  is  it  an  Accident,  becaufe  it  is 
cxtrinfecal  to  all  Subftance  -,  fince  it  is  not  carried 
about  with  it,  but  remains,  though  that  be  taken 
away,  and  depends  upon  no  other  Thing.  I  pafs 
by  the  Device  of  Zeno :  That  every  Thing  is  fome- 
where,  therefore  if  Space  be  any  Thing  diftindt 
fix)m  other  Things  it  muft  exift  fomewhere  ; 
whence  there  will  be  a  Space  of  a  Space^  and 
another  Space  of  this  fecond  Space^  and  fo  on  infi- 
nitely (as  (j)  Arijiotle  obferves)  which  is  ridiculous. 
By  fuch  Arguments  as  thefe  is  the  real  Diverfity  of 
Space  from  Magnitude  oppofed  :  but  it  is  defended 
from  Arguments  which  are  equally  ftrong  in  Ap^ 
pearance. 

For  frji J  if  we  appeal  to  the  common  Concep- 
tions of  Men,  the  Notion  of  a  Space  diftinft  from 
Things  does  feem  to  be  either  innate  or  acquired. 
Jll  Men  (fays  (2)  Ariftotle)  do  in  Thought  feparate 
the  Ubi  of  Things  from  their  Effe.  The  Vulgar  are 
accuftomed  to  imagine  that  there  is  fome  common 
Subfiratum  to  all  Things,  which  is  infinitely  ex- 
tended, and  circumfcribed  within  no  Limits  -,  which 
is  perfeftly  pnetrable,  and  eafily  admits  every 
Thing  within  itfelf,  not  refifting  the  Entrance  of 
any  Thing;  which  receives  the  Succeffions  of 
moveable  Bodies,  determines  the  Velocities  of  Mo- 
tions, and  meafures  the  diftances  of  Things  •,  which 
is  immoveably  fixed,  has  none  of  its  Parts  tied  to 
any  Thing,  nor  can  poffibly  be  any  where  tranf- 
ferred  from  where  it  is  ;  which  lafUy  is  a  Re- 
fceptacle  of  immenfe  Capacity,  or  as  the  (a)  Philo- 
fopher  fpeaks  an  immoveable  Vejfely  containing 
within  it  all  the  Things  that  either  are,  or  can  exift. 
Such  is  the  Notion  ofSpace^  which  is  engraven  in 
the  Imaginations  of  all  Mortals.     And  very  many 

1;)  Pbyf.  IV^  3-        («)  Ibid.  IV.  i .        W  IMd.  IV.  6. 
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Thiigs  befide  feem  to aigqe  die  real  Ejoftence  of 
fucn  a  Thing,  as  wdl  as  dus  Conibit  of  die  Ima- 
gination :  To  make  die  Force  of  ii^ich  apparent 
and  effective,  cenain  PoGdons  or  Ai&nions  aie  to 
be  laid  down,  whereby  the  Argamencs  broug^it  fx 
the  Reality  of  Space  are  fiippofted. 

Firft  then  Matter  is  not  infinitely  extended }  at 
kail,  witich  is  enough  for  our  Pbrpofe,  ic  b  not  fi> 
ofNeccflity.  For  fiom  whence  can  it  have  this 
Keceflity?  Is  it  fhmi  itfelf?  This  is  impious, 
fince  the  fdcred  Writings  do  often  czprefly  aicribe 
the  Origin  of  all  Things  to  God :  All  fUngs 
(fays  (J)  St.  Paul)  were  created  by  Um  and  far  him. 
Ano  dms  fung  the  four  and  twenty  EUlers  {e)  Rr 
thou  baft  created  all  Things^  and  far  tby  Pleajkre 
they  are^  and  were  created.  Again,  as  the  Evan- 
%-W  (f)  Sc.  John  expreflcs  it.  All  Things  were 
fnade  by  bim^  and  without  him  was  not  any  Thing 
mnde  that  was  made.  For  all  thofe  Things^  fays  tte 
Prophet  (g  )  Ifaiah,  hath  mine  Hand  made^  i.  e. 
all  Things  whatfoever  without  any  Exception  :  And 
innumerable  fuch  other  ExprefTions  occur  every 
•  wl^erc  in  Scripture.  Nor  is  there  any  Reafon  why 
we  fliould  believe  Matter  to  have  an  infinite  Subr 
ftancc  necefiarijy  of  itfclf.  Is  it  then  from  God  ? 
Who  impofed  this  Neceflity  upon  him  who  is  a 
perfectly  free  and  independent  Agent,  that  he 
fliouH  attribute  Infinity  to  Matter  ?  How  docs  it 
appear  to  have  hcrr  attributed  to  it?  I  do  noc 
dilpute  whether  or  no  he  is  able  to  do  fo,  for  who 
can  afTign  Limits  to  the  Divine  Power?  But  it 
feems  far  more  cr.dii^lc  that,  as  he  has  Umitedthe 
Powe*^  of  other  Things,  fo  he  has  appointed  cer- 
tain Bounds  to  Matter.  The  holy  Scriptures  do 
feem  plainly  to  atteft  as  much,     {h)  Behold  ffaya 

(^)  Eph.  iii.9.  (t)  Rev.  iv.  1 1.  (f)  Joh.  i.  3. 

^)  lia.  Ixvi.  I.  (b)2  Chion.  ii.  6.  ft  vi.  18. 
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the  moft  wife  King,  more  than  once)  the  Heaven 
and  the  Heaven  of  Heavens  cannot  contain  thee,  i.  e. 
the  whole  Univerfe  is  too  narrsw  to  exift  with  God ; 
he  tranfcends  the  utmoft  Bounds  of  Things,  and 
confequendy  Matter  is  not  in  fact  extended  ad  infi- 
mfumj  much  lefs  is  it  fo  of  Neceflity. 

To  this  it  is  replied  by  (i)  Cartefius  -,  A  i$  ne- 
cejjary  for  Matter  to  he  xnfinUely  extended^  for  this 
Riofony  becaufe  we  conceive  its  Bounds  every  where  i 
we  do  not  only  imagine  certain  Spaces  to  be  extend- 
ed indefinitely  beyond  ourfelves,  but  they  are  more-- 
over  truly  imaginable ;  i.  e.  we  perceive  that  they 
are  real^   and  confequently  that  a  bodily  Subftance 
indefinitely  extended  is  contained  in  them  ;  ftnce  the 
Idea  of  that  Extenfton^  which  we  conceive  to  be  in  all  , 
Space^  is  altogether  the  fame  with  the  Idea  of  a  bodily 
Subfiance.    But  this  Argument  feems  to  contain  in  it 
more  of  Subtilty  than  Solidity.     For  firft^  no  Body 
either  does  or  can  conceive  Matter  to  be '  a6hially 
infinite ;  but  to  conceive  it  to  be  indefinitely  ex- 
tended, is  the  fame  as  to  imagine  it  to  have  no 
Terms  or  certain  Bounds  -,  as  the  vulgar  Part  of 
Mankind  do  think  the  Surface  of  the  Earth  to  be 
infinitely  extended  •,   or  as  one  Handing  upon  the 
Shore  thinks  the  Sea  to  be  encompaffed  with  an 
uncertain  Bound  ;  or  as  we  conceive  the  Grains  of 
the  Sand  of  the  Sea  to  be  indefinitely  many.  More- 
over becaufe  we  can  imagine  certain  Spaces  beyond 
any  determinate  Bounds  -,  it  by  no  means  follows 
that  Matter  does  a6hially  exift  beyond.     However 
it  nuy  be  probably  gathered  that  it  therefore  may 
exift,  becaufe  whatfoever  we  conceive  as  evidendy 
poffible,  that  may  be  effefted  by  the  Divine  Power. 
But  who  in  his  right  Mind  will  deny,   that  we 
may  imagine  innumerable  Thmgs,  which  neither 
are  nor  ever  will  be  ?  Nothing  is  repugnant,  and 

(i)  Princ.  II,  21  • 
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¥Pe  may  eafily  im:^ne  urith  the  vulgar,  that  die 
Earth  reaches  to  the  utmoft  Bounds  of  Heaven 
and  the  fanjieft  Limits  of  the  Univerfe :  we  may 
fuppofe  in  our  Minds  the  Sun  to  be  a  thoufand 
Times  greater,  theMo(»i  many  Parafangs  nigher; 
the  Stars  vaftly  more  numerous,  and  innumerable 
other  Things,  which  are  by  no  Means  impoflibk, 
nor  altogether  abfurd  ;  but  arc  thefe  Things  dierc- 
fore  true  in  faft?  No  certainly,  they  are  no 
more  than  fo  many  Dreams  or  ENdiriums  of  fick 
Men.  Imaginability  then  does  at  mcrfl  onlv  prove 
the  Poflibility  of  a  real  Thing,  but  no  where  its 
aftual  Exiftence.  The  World  is  not  proved  to  be 
aftually  infinite  ftom  the  Imagination,  but  only  to 
be  greater  in  Power  than  any  finite,  (f.  e.  determi* 
nately  finite^  Thing. 

But  to  be  fatisfied  how  very  much  Carteftuf% 
great  Subtilty  has  failed  him  in  this  Cafe,  let  us 
fearch  and  weigh  a  little  the  Origin  of  this  our 
Imagination  of  Spaces  beyond  the  World,  and  we 
will  certainly  find  it  like  moft  other  Things,  to 
be  derived  no  otherwife  than  fi-om  the  Senfes. 
For  fince  we  fcarce  attain  any  Thing  by  any 
Senfe,  but  we  ftill  experience  fomething  equally 
fenfible  by  proceeding  beyond  it ;  efpecially  when 
lifting  up  our  Eyes  to  Heaven  we  behold  the 
vaft  Chalm  on  every  Side  contained  within  no  per- 
ceptible Limit,  but  running  forth  into  R^ions 
unknown  to  us  \  hence  an  Occafion  is  oflTered  of 
defcribing  in  our  Fancy  a  certain  immenfe  or 
indeterminate  Gulph  of  heavenly  Space^  in  which 
the  Clouds  are  fufpended,  the  Winds  blow  here 
and  there,  and  the  Stars  feem  to  fwim  like  fo 
many  Fifhes  :  from  which  Senfation  notwithftandr 
ing,  or  Imagination,  it  feems  very  abfurd  to  infer 
any  Thing  concerning  the  true  Extent  of  the 
Univerfe,  whether  it  is  finite  or  infinite.  For 
fvqy  Senfation  is  of  Things  p^rtk^ular,  and  from 
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the  Exiftence  of  a  particular  Thing,  we  may  con- 
clude that  ibmething  like  it  may  exift,  but  not 
that  it  afhially  does  exift,  as  has  been  Ibmetimes 
caken  notice  of  before. 

I  lay  nothing  as  to  the  Parity  of  Reafon  in  at- 
tributing Eternity  and  Independence  to  Matter,  as 
well  as  a  neceffary  Infinity  of  Extenfton  ;  for  as  there 
is  fome  Space  beyond  any  Limits  of  die  Univerfe, 
fo  has  it  been  before  any  Beginning.  We  are 
wont  to  have  the  fame  clear  Imagination  of  fome 
Time  after  the  End  of  any  Time,  and  conle- 
quently  by  this  way  of  aiding.  Matter  may  be 
demonftrated  to  be  neceflarily  eternal,  whence  it 
follows  that  it  is  alfo  mdependent :  which  Pro- 
perties notwithftanding  of  the  Divine  Perfeftion, 
It  is  moft  dangerous  to  attribute  to  any  other  than 
the  great  God  himfelf ;  and  is  in  the  higheft  De- 
gree to  be  fhunned  by  a  Chriftian  Philofopher.  It 
may  be  therefore  taken  for  granted,  that  Matter  or 
Body  is  not  altogether  unbounded;  at  leaft  it  is 
not  fo  neceflarily.     Let  this  be  firft  fuppofed. 

Let  it  be  alfo  aflumed,  fecondly^  that  it  is  in 
the  Power  of  God  to  augment  or  diminifli  the 
Matter  that  now  exifts,  according  to  his  Plea- 
fiire,  i.  e.  to  create,  or  reduce  to  Nothing,  what 
Portion  of  it  he  pleafes.  Faith  commands,  and 
Piety  compels  us  to  admit  this ;  nor  does  Reaibn 
oppofe,  but  rather  defend  and  confirm  it  For 
jGnce  we  can  conceive  Matter  to  be  larger  than 
any  Thing  determined,  therefore  nothing  hinders, 
nay  it  evidently  follows  from  thence,  that  God 
can  caufe  it  to  be  fo.  But  if  it  may  be  enlarged, 
by  the  fame  Power  it  may  be  diminiflied  5  and 
the  Web  which  he  hath  newly  wove,  he  can  with 
the  feme  Eafe  unravel.  And  becaufe  we  can  inu- 
gine  Matter  more  contraft,  nay  fuppofe  it  Nothing 
at  all,  it  is  therefore  in  the  Divine  Power  to 
perform  it. 
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Mcmover,  thirdly^  it  is  moft  eaf]jr  to  conodve^ 
and  ought  by  no  yixam  to  be  denied,  duit  God 
can  preferve  every  Thing  in  its  prefim  Slate  and 
Situation,  fo  as  not  to  be  intnnfecally  chained 
by  any  eioriniecal  Accidents,  nuich  feb  to  have 
its  Nature  entirely  deftroyed  ;  viz.  that  a  Right 
Lane,  a  plain  Superfice,  the  Grcomferenoe  ota 
Circle,  the  Rodndnefs  of  a  Sphere,  and  fudi  like 
Thmgs  may  remain,  whatfoever  luppcns  without 
them,  J.  e.  diough  all  circumjacent  Matter  be  anv 
how  change,  taken  away,  or  annihilated.  Which 
Things  being  lawfully  fiippofed  and  laod  down, 
the  Reality  di  Spate  cuftina  fhmi  Magnitude  does 
feem  to  be  many  Ways  eOablifhed. 

Asfirfi^  fince  Matter  may  be  finite,  and  God 
is  infinite  in  Eflence,  he  muft  fubfift  beydnd  the 
Bounds  of  Matter,  othcrwife,  he  would  be  cn- 
clofcd  within  its  Limits  or  fomc  Way  bounded, 
and  therefore  could  not  be  infinite.  Therefore 
fomcthing  is  beyond,  i.  e.  fome  fort  of  Space. 
And  if  God  do  not  exift  beyond  the  Bounds  of 
Matter,  our  Imagination  would  be  capable  to 
conceive  a  Place  where  he  is  not ;  and  confequendy 
would  in  fome  Sort  tranfcend  the  Manner  of  the 
Divine  Exiilence  ;  whence  it  would  follow,  that 
we  could  not  apprehend  or  conceive  God  to  be 
immenie. 

Next,  God  can  create  other  Worlds  beyond 
diis,  as  alfo  we  can  imagine  them  to  be  created, 
not  no  where,  but  fome  where  ;  there  will  there- 
fore be  given  fome  Space  wherein  they  nuy  be 
placed  and  exift.  And  God  will  alfo  be  prefent 
m  thefc  new  produced  Worlds,  yet  without  being 
the  leaft  affefted  with  Motion  himfelf  ^fbr  all  kind 
of  Immobility  and  Immutability  is  an  undoubted 
Attribute  of  the  Divine  Perfedion)  which  can  no 
cytherwife  be  underftood,  than  by  conceivii^  him 
to  have  before  been  prefent  in  the  Space^  where 
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diey  are  now  repofited.  Therefore  the  QHicepdons 
which  we  hare,  or  ought  to  have,  conceming;  the 
Divine  Infinity,  Power,  and  Immutability  ob  in- 
volve fome  dimnft  Reality  of  Space. 

Moreover  the  material  World,  fi-om  the  Hypo- 
thcfis  which  we  have  aflerted,  will  be  limited 
and  endowed  with  fome  Figure,  and  confequently 
may  be  fuppofed  of  any  Figure.  Let  it  therefbfe 
be  ^>herical ;  and  becaufe  it  may  alfo  be  hwMly 
done,  let  fome  other  fpherical  World,  or  Body, 
be  in  like  Manner  fuppofird  to  be  o^dguous  to  it, 
which  will  touch  the  former  in  only  one  Point ; 
therefore  there  will  lie  fome  Mean,  f .  e.  fome  Space 
between  the  other  Points  of  the  Spheres.  For  let 
^ny  two  Points  be  affuriied  in  the  Superfice  of  d» 
contiguous  Spheres  without  the  Contaft,  I  (ay  fome 
Space  will  lie  between  thcfc  ;  If  you  deny  it,  then 
thefe  two  Points  will  meet  one  another,  contrary  to 
a  mod  cle^r  Demonftration  in  Geometry. 

Alfo  let  the  two  Centers  of  the  Spheres  be  con- 
nefted  by  a  Right  Line  paffing  through  the  Con- 
taft  as  Geometry  alfo  teaches  and  proves  ;  and  let 
two  Radii  be  underftood  to  proceed  from  the 
Centers  to  the  faid  Points  without  the  Cbntaft  5 
rfien  becaufe,  according  to  the  Opinion  of  our 
Adverfaries,  the  faid  Points  are  contiguods,  they 
will  conftitute  a  Triangle  of  three  Right  Lines, 
two  of  whofe  Sides  will  be  equal  to  the  third,  in 
like  manner  contrary  to  a  molt  clear  and  certain 
Theorem  of  Geometry.  Again  let  the  Matter,  which 
goes  to  conftitute  two  concentric  Spheres,  be  fup- 
pofed in  any  Place,  and  let  the  interjacent  Matter 
between  their  Superficies  be  annihilated,  or  re- 
moved out  of  the  Way,  (which  as  has  been  liip- 
pofed  may  be  done  by  the  Power  of  God)  then 
thefe  Superficies,  if  no  ^pace  come  between,  will 
meet  one  another,  though  the  one  were  a  thcMiiand 
0mes  greater  than  di«  oth^r  :  Fqt  we  may  hppok 
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from  what  has  been  fiiid  that  both  the  fphericalSu- 
poriGctes  do  retain  their  Magnttiide,  the  Evacuadon 
of  the  middle  Body^  which  happens  cxtrinlboally 
and  change  nothing  within  them  no  ways  hih- 
doing  it ;  the  Divine  Power  ibme  how  pre^orving 
their  Magnitude  and  Pofition.  In  the  iaiioe  manner 
if  what  is  between  die  Vertex  and  B^  of  a  Py- 
ramid be  taken  away»  fince  there  is  no  Space  kft» 
therefore  the  Point  of  the  Vertex  will  lie  next  to 
all  die  Points  of  the  Bafis,  and  confeqiiendj  will 
be  congruous  and  equal  to  die  whole.  TlieK  and 
innumerable  fuch  other  Things  do  baa  to  follow, 
from  the  Denial  of  red  Space^  which  are  no  Ids 
rq>ugnant  to  the  common  Concqidons  (rf*  Sfoi, 
than  the  Principles  of  Geometry. 

Befides  it  feems  fomewhat  harih  to  fuppofe  the 
Matter  of  the  Univerfc  entirely  immoveable,  as  to 
the  whole  of  it,  or  to  imagine  that  nothing  exifts 
any  where,  except  one  folid  Sphere  ;  becaufefuch  a 
Sphere  could  not  indeed  be  transferred  by  God, 
nor  (to  ufe  the  Words  of  Plato)  admit  a  Peripberon 
or  Rotation  about  its  Axis,  wnich  the  taking  away 
of  Space  does  manifeftly  infer.  For  fince  in  every 
foch  Modon,  the  Parts  retain  the  fame  Situadon  to, 
and  the  fame  Diftance  from  one  another,  howlbever 
the  Whole  be  carried  ;  it  can  be  no  otherwifc  con- 
ceived to  Se  moved,  but  from  a  fucceffive  Change 
of  Space^  viz.  fo  as  one  Part  may  enter  the  Space 
left  by  die  forgoing  one  •,  from  whence  by  the 
Denial  of  Space,  we  take  away  the  Mobility  rf 
Matter.  Ariftotle  in  a  certain  Place  obferves  fome- 
thing  like  this,  where  he  fays,  That  Motion  cione 
gives  Occafton  of  Dijquifttion  concerning  Place  or 
Space  (as/carce  being  capable  of  Conception  without 
the  Pofttion  of  Space)  and  the  Heanjen  above  alt 
^nnngs  feems  efpeciaUy  to  be  in  Place^  becaufe  it  is 
moft  of  all  moved  :  nor  yet  is  this  any  how  va- 
rial  (m  refpcA  of  the  firft  or  principal  diurnal  Mo^ 
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tion,  which  the  Philofopher  feems  to  refpeft)  ac- 
cording to  the  Situation  and  Diftance  of  tne  rarts» 
but  as  the  Whole  is  carried  about.  It  is  there- 
fore fo  far  moved,  or  not  at  all  moved,  as  its 
Parts  do  change  their  Spaces  i  and  thofe  Parts 
which  are  now  at  the  Rifing  of  the  Sun,  do  anon, 
reach  the  height  of  the  Meridian,  and  as  (bon  as 
they  have  paflcd  that  do  immediately  decline  to 
the  Wdlward.  Nor  will  it  here  fuffice  Cartefius 
to  diftinguifh  Aftion  from  Motion,  lince  no  Ef- 
k£t  of  this  Adion  can  be  imagined  without  a 
change  of  Space. 

I  will  yet  add  one  fmall  Argument  to  thefe  : 
I  alk  what  it  is  that  makes  the  Way  between  two 
diftant  Bodies  eafy,  the  Paflage  ready  and  quick  ? 
Is  it  becaufe  the  intermediate  Space  b  prepared 
for  receiving  them  within  it  ?  Why  then  does  the 
contrary  happen,  that  we  can  hardly  thruft  any 
middle  Body  between  two  contiguous  ones,   nay 
we  cannot  do  it  at  all,  without  imprefling  a  Motion 
upon  it  fufficiently  ftrong  for  feparating  and  remov- 
ing them  from  one  another  ?  Is  ifnot  becaufe  there 
is    wanting  an    Interflice    capable  of  a    middle 
Body  ?  Suppofe  ex,  gr.  the  Body  C  to  refide  be- 
tween the  two  Bodies  A  and  B,  and  let  the  Body 
C  be  underftood  to  be  removed,  fo  as  no  other 
can  be  permitted  to  fucceed  it  (the  Propenfion  of 
the  neighbouring  Bodies  to  Motion  being  taken 
away,  or  the  EfFedl  a  little  while  reftrained  by  a 
fuperiour  Power^ ;  then  according  to  our  Adver- 
faries,  there  will  immediately  refult  the  moft  clofe 
Contiguity  of  the  Bodies  A  and  B,  without  the 
Application  of  any  Force,  or  Intervention  of  any 
Aftion  ;  they  will  embrace  one  another  of  their 
own  Accord,  and  prefently  no   Diftance  will  be 
left  between  them  ;  and    confequendy  it   will  be 
rendered  very  difficult  for  the  Body  C  by  a  con- 
trary Impetus  to  reftorc  itfelf  into  its  former  Place, 
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or  come  again  between  the  Bodies  A  and  B,  ex- 
cept diefe  Bodies  be  feparated  with  a  ftroou^  Force. 
&]t  it  can  fcarce  be  underftood,    ¥Hhy  to  much 
Force  is  re<juired  for  {o  fmall  a  Sefwation  of 
Things  contiguous,  more  than  for  nxmng  toge* 
ther  Things  feparaced  at  any  Diflance  ;  why  they 
fliould  meet  together  of  their  own  accord,    and 
be  put  afunder  difiicultljr.     What  fhould  be  the 
Guile  why  diey  loft  their  former  State  with  no 
Labour,  with  no  Motion,  and  are  fcarce  reftored 
to  the  fame  with  a  vehement  Force  and  much  Mo- 
tionj?  Since,  as  the  Way  is  the  fame  from  ^tbAes 
to  Afbem^  and  from  Athens  back  again  to  fbebes^ 
fo  the  Force  is  the  fame,  and  the  Motion  ecjual, 
for  conjoining  Things  that  are  diftant,  and  dis)oin-> 
ing  Things  that  are  together.    Moreover,    it  is 
fomewhat  obfcure  why,  according  to  the  contrary 
Saitiment,  in  the  fame  Inftant  wherein  the  middle 
Body  Aides  away,  the  adjacent  Matter  ftiould  not 
immediately  touch  one  anotlier,  and  the  Interven- 
tion not  be  (hut  up  to  the  fucceeding  Matter  ;  be- 
caufe  fcarce  a  Motion  that  is  infinitely  fwift,  much 
kfs  a  flow  and  Snail-like  Motion  (fuch  as  are  often 
to  be  found   in   Nature)  does  fecm  to  fuffice  fix 
preventing    that  Congrefs;    fince    it  requires  no 
Aftion  here,   and  intontly  emerges  by  the  mere 
Reboundinj^.     But  if  the  terminating  Bodies  do 
eafier  or  fooner  clofe  together  than  Part  of  the 
intervening  Matter  can  overtake  the  preceding, 
then  every    Flux  muft    be  obftruded,  and  Mo- 
tion   ftopped    and  taken    away  *,    the   Diiagree- 
ment  of  which  with  continual  Experience  is  un- 
known to  none.     But  are  not  thefe  Things  more 
limply  and  evidently  difpatched  by  faying  that  a 
Pamge  is  more  difficult  to  be  broke  through  the 
Joinings  of  adjacent  Bodies,    becaufe  an   Interval 
is  wanting  for  the  Reception  of  the   intervening 
Body  *,  but  the  Tranfit  is  eafy  between  the  Bounds 
of 
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if  Bodies  fomewhac  diftant,  becaufe  a  middle  Field 
ies  open,  which  is  penetrable  and  capable  of  the 
Entrance  of  fo  great  a  Body ;  and  confequendy  if  . 
I  Veflel  be  emptied  the  Sides  will  not  fall  tc^ 
her,  nor  break  in  Pieces  if  Hied  again  ("fince  the 
x>rmer  feems  impoflible,  and  the  latter  not  neceft 
lary)  but  they  will  invariably  retain  the  fame  Po- 
[ition,  the  fame  Diftance,  and  the  fame  Capa- 
:ity. 

I  pals  by  the  Reafons  and  phyfical  Experi- 
ments which  are  brought  for  an  empty  Space 
[whether  entirely  filled  or  interfpcrfed  with  Bo- 
dies), both  becaufe  I  have  already  fpeni  too  much 
Time  upon  thefe  Things,  whofe  Examination 
would  ftilL  require  much  Labour,  and  becaufe 
moft  of  them  may  be  folved,  or  at  leaft  eluded 
by  ^thofe  neady  contrived  Hypothefes  of  fubtle 
Matter^  circular  Motion^  and  indefinite  Divijs^ 
bility. 

Thus  for  the  moft  part  is  the  Matter  difputed 
on  both  Sides  ;  wliat  then  fhall  we  finally  de- 
termine ?  How  fhall  we  reconcile  thefe  contrary 
Probabilities,  and  decline  the  Difficulties  that  on 
every  Side  befet  us  ?  I  on  my  own  Part  will  ad- 
vance nothing  for  true  in  a  Cafe  fo  nice  and 
dubious,  nor  afTert  any  thing  confidently ;  but  if 
I  (hould  be  neceffitated  to  give  my  Opinion,  and 
compelled  to  declare  what  to  me  feems  moft  to 
rcfemble  the  Truth,  I  would  not  be  too  averfe  to 
the  common  Conceptions  of  Men,  nor  oppofe  the 
facred  Laws  of  Geometry.  I  would  fay/^y?,  that 
Space  is  a  thing  reaUy  diftin£t  from  Magnitude  ; 
i.  e.  that  fomething  is  defigned  by  that  Name, 
that  a  Conception  anfwers  it,  that  it  is  founded 
in  the  Nature  of  Things,  that  it  is  different  from 
the  Conception  of  Magnitude,  and  though  Mag- 
nitude had  no  Exiftence  at  all,  yet  there  would  be 
Space.    I  would  lay,  fecondly^  that  Space  is  not 
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any  thing  afhmlly  eziftent,  and  adually  difitrent 
from  Quantity,  much  lefs  that  it  has  any  Dimcn- 
fions  proper  to  itfelf,  and  aAually  feparate  frcHn 
the  Dimenfions  of  Magnitude.  You  will  perhaps 
&y.  What  will  it  be  then  ?.  What  means  this  Rid- 
dle ?  I  do  not  very  much  promife  myfelf,  nor  dare 
hope  that  I  ihall  fatisfy  you  with  mine  Anlwer, 
but  becaufe  Form  requires  it,  I  reply,  that  Space  is 
nothing  elfe  but  the  mere  Power ^  Capacity^  Pant- 
hUity^  or  (begging  pardon  for  the  Expreflions) 
Interpotnbility  of  Magnitude.  I  thus  explain  my 
Meaning  :  Before  the  Creadon  of  the  World,  th^re 
was  no  Body  any  where  (as  is  reafonable  and  pious 
to  believe)  but  yet  it  was  poffible  for  the  greateft 
Body  whatfoever  then  to  exift,  and  obtain  a  de- 
terminate Pofition  by  the  Will  and  Power,  of  God, 
i.  e.  there  is  Space.  There  lies  no  Body,  there  is 
found  no  aftual  Dimenfion  beyond  the  Mais  of  the 
Univerfe  -,  but  it  is  poffible  for  a  Body  to  be  con- 
ftituted  and  a  real  Dimenfion  to  be  extended  be- 
yond that  itfclf,  i.  e.  there  is  an  Ultramundatie 
Space.  If  all  the  Matter  be  excluded  by  the  divine 
Power  from  between  thefe  Walls,  there  will  adhi- 
ally  be  no  Body  between  them,  but  there  will  re- 
main a  Capacity  of  putting  fome  Body  between 
them,  i.  e,  there  is  an  intermediate  Space.  Laftly, 
no  Magnitude  can  be  interpofed  between  two  ad- 
jacent or  contiguous  Magnitudes  •,  i.  e.  no  Space  or 
Interval  is  between  them.  A  Rope  of  ten  Feet  may 
be  extended  between  thofc  Towers,  i.  e.  the  Space 
or  Diftance  of  ten  Feet  is  between  them. 

Here  it  may  be  obferved  by  the  Way,  that  the 
Nature  of  every  particular  Space  is  in  fome  fort 
determinate^  and  in  fome  fort  indefinite ;  Determi- 
nate as  to  the  Mathematical  Species  and  Quantity 
*  of  its  Figure  ;  for  it  is  not  every  Capacity  whatfo- 
ever, but  only  the  Capacity  of  a  fimilar  and  equal 
Magnitude  9  Indefinite  as  tQ  its  other  Qualities  and 
' phyfical 
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Species,  alio  as  to  the  Individuities  of  the 
les,  if  I  may  (b  fpeak,  for  it  is  the  Capa- 
try  Magnitude  equally  great  and  endowed 
imilar  Figure  ;  ex.  rr.  the  Space  of  a 
^cflel  between  the  Sides  is  computed  by 
any  Cube  equally  great,  whether  it  be  of 
'  Air,  but  it  cannot  be  adequately  filled 
(Ttamidal  or  fpherical  Body,  nor  will  ad- 
atcr  Cube.  Hence  every  pofitive  Inter- 
9red  with  afhial  Dimenfion  and  really  ex* 
kfelf,  divifible,  terminated,  pertranfible,  of 
I  to  Bodies,  is  not  denoted  by  the  Word 
ut  it  only  fignifies  that  a  Body  may  be 
led,  may  be  fo  figured,  is  adaptable  to 
leafiirc,  and  may  exift  either  together  in 
Inftant  or  fucceflively  by  Motion.  1  lay 
ifhial  but  only  potential  Figures,  Dimenfi- 
^arts  confentaneous  to  its  Nature ;  by  which 
e  Capacity  of  admitting  a  Body  includes  the 

of  admitting  Lines  and  Superficies,  re- 
' ;  the  Power  of  interpofing  a  Line  of  four 
ains  the  Powers  of  interpofing  a  Line  of 

and  three  Feet,  and  all  others  denominated 
r  Number.  The  Power  of  interferting  a  po- 
rde  implies  perfeft  Rotundity.  Neither  can 
dty  or  Quality  of  Space  be  determined  im- 
^  or  of  itfelf,  but  by  the  Meafure  or  Deccr- 

of  fome  real  Magnitude  occupying  it  ; 
^  the  Quantity  of  the  Space  between  two 
n  be  no  otherwife  known,  than  by  mea- 
iC  Length  of  a  Line  ftretched  upon  the 
palfing  through  the  Air. 
Same  therefore  of  Space  is  not  of  a  mere 

or  Thing  feigned  at  pleafure,  as  of  an 
ms  or  Chimera^  but  is  defervedly  to  be 
I  the  fame  Order  of  Bdngs  with  Crea-- 
nfiUitiy^  Mobility^  and  fuch  Polfibilities ; 
:  are  fcarce  any  but  who  adjudge  fome 
'   N    ■  fort 
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fi»rt  of  Reality  to  thrie.  Nor  do  I  fee  why  this 
Space  may  not  be  a  Bang  as  ivcll  as  Contiguitf^ 
to  which  it  feems  to  be  diitdly  oppofi^d.  For 
Contiguity  is  the  Mode  of  Magtiitudes  which  figpi- 
fies  that  no  Magnitude  can  come  between  than 
but  by  moving  them  out  of  their  Pkces  :  And  on 
the  contrary  Space  is  that  Mode  of  the  fame  which 
intimates  that  fome  other  Magnitude  may  be  intCF- 
poled  without  moving  them  out  of  their  Place, 

And  this  Notion  of  Space  being  iiippofed  and 
granted,  we  may  untie  the  Knots  and  remove  the 
Difficulties  of  both  the  aforelaid  Opinions.  Vox 
firft  nothing  can  be  gathered  hence  daopaaxj  to 
the  Prerogatives  of  the  Divine  Perfeftion,  by  fiip- 
pofing  a  Being  really  eternal  and  infinite,  unpn>- 
duced  and  independent  upon  God ;  but  rather  his 
unlimited  Power  of  producing  and  difpofing  Bo- 
dies at  his  Pleafurc  is  aflerted.  Neither  does  the 
Idea  of  fuch  a  Space  coincide  with  the  Idea  of 
Magnitude ;  but  differs  as  far  from  it,  as  Power 
docs  from  Aft.  Nor  does  it  bring  any  other  new 
real  Beings  into  the  Account  befides  Subftance  and 
Accident,  but  only  denotes  fome  Mode  or  Pofli- 
bility  of  both.  Nor  will  this  Space  require  -an- 
other Place  i  bec;;ufe  it  exifts  no  where  in  an 
aftual  Manner,  but  will  however  be  every  where 
after  its  own  Manner  ;  becaufe  God  can  place 
Magnitudes  any  where.  Nor  is  this  contrary  to  the 
common  Senfe  and  Speech  of  Mankind,  who, 
when  they  think  or  pronounce  Space  to  intercede, 
do  underftand.  nothing  but  that  fome  Body  may 
be  interpofed  between  afligned  Limits.  .  Nor  can 
any  Infinity  of  Matter  be  deduced  hence,*  but  fuch 
Extenfion  will  follow  as  God  fhall  pleafe  to  af- 
fign  it.  Neither  does  this  at  all  derogate  from 
the  Divine  Ubiquity^  which  only  fignifies  that  God 
is  prefent  to  all  Space^  or  that  fomediing  may  exift 
every  where.  It  alfo  confpires  and  agrees  with  Gco- 
I  mctry 
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metry  moft  precifcly  :  for  neither  does  this  require 
tfiat  fome  adually  real  Mean  fhall  always  inters 
Cede  between  two  Points j  or  any  two  Terms ;  but 
diat  fomedmes,  and  in  fonie  dales,  a  Line^  Su-^ 
ferfice  of  Body  may  intercede.  It  in  like  manner 
£ttisfies  the  Experiments  and  Phsenomena  of  Natural 
FhilofbpherSy  affording  them  as  much  Vacuum  as 
fuffices  for  receiving  Bodies,  and  performing  theif 
Motions ;  nor  yet  mingling  any  nftitious  Vacuum 
endowed  with  real  actual  Dimoilions  fiich  as  Ep-- 
curus  with  his '  Followers  dreamed  to  be  one  lulf 
of  the  Univerfe,  and  the  firft  Principle  of  Bodies* 
Again  it  appears  hence  that  Space  is  immoveable 
and  cannot  be  carried  about  with  Bodies ;  becaufe 
when  one  Body  lofes  its  other  Confines  or  Inter* 
ftices,  yet  this  Poffibility  remains,  and  nothing 
hinders,  but  other  Bodies  equally  near  and  inter- 
mediate may  be  fubftituted  and  fucceed« 

I  obferve  by  the  Way  that  this  Notion  of  Space 
feems  to  be  almoft  direft  contrary  to  the  Definition 
of  it  which  is  delivered  by  (k)  Mr.  Hobbes.  He 
defines  Space  to  be  the  Pbantafm  of  a  Tiing  exift^ 
ing^  as  exifiing.  But  if  Space  be  a  Phantafm  (as 
ii^eed  it  is  not,  but  the  Objeft  of  a  Phantafm^  fome- 
diii^  imaginable,  and  not  the  Effed  of  Imagination) 
it  will  rather  be  the  Pbantafm  of  a  Thing  as  poflibleft 
than  as  cxifting.  For  when  we  conceive  Space  wc 
conceive  that  fome  Magnitude  may  exift,  though  not 
always  dut  it  adtually  does  exift  -,  as  before  the  Crea- 
tion of  the  World,  or  without  the  prefent  Worlds 
according  to  what  was  faid  above.  Which  does  alfo 
more  agree  with  his  own  forgoing  Reafonings,  than 
die  proper  Definition  of  it  which  he  gathers  front 
thence.  For  if  all  Things  were  conceived  to  be  de- 
ftroyed,  he  affirms  the  Pbantafm  of  Space  would 
ramin  in  the  Mind ;  but  to  feign  all  Things  taJ&en 

(i)  Op.  VII.  d^  Cm; 
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of  3  Circle,  or  jjic  Supcrfice  of  a  Sphere,   then 
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Geometry  requires  not  that  any  real  or  a6hial  Right 
Lrine  flioulJ  lie  between  thefe  two  Points,  but  on- 
ly a  certain  potential  one  ;  i.  e.  it  requires  that  a 
Right  Line  is  poflible  to  be  drawn  or  interpofed, 
or  that  thefe  Points  touch  not  one  another  ;  fince 
if  fuch  Interftice  be  taken  away,  or  if  thefe  Points 
be  fuppofed  to  touch,  then  the  Nature  of  Circles 
and  Spheres  with  their  Properties  is  entirely  dc- 
(Iroyed.  Such  a  Space  therefore  ought  to  be  in- 
dulged Geometricians  for  the  Foundation  of  their 
Hypothefes,  and  the  more,  becaufe  the  Congru- 
ityy  Commenfuration^  Determinate  Pofuion^  Mo- 
tiorij  and  the  very  Proportion  itfelf  of  Magnitudes 
agrees  with  it,  and  may  be  explained  by  it. 
For  Congruence  is  fitly  defcribed  by  a  PofTeffion  of 
the  fame  Space^  Menfuration  by  a  congruous  Ap- 
plication or  Succeflion  -,  a  Determinate  Situation  and 
Motion  by  the  Identity  and  Alteration  of  Space  ; 
and  how  Proportion  depends  upon,  adheres  to,  and 
is  iUuftrated  by  thefe,  will  perhaps  hereafter  appear. 
To  accommodate  thefe  Things  to  our  Pur- 
pofe,  a  Mathematician  may  frame  fuch  Hypo- 
thefes  as  thefe  from  what  has  been  advanced.  That 
this  or  that  Space  may  be  filled^  i.  e.  that  Lines^ 
Superficies  or  Bodies  may  he  interpofed  between  any  of- 
ftgned  Points^  Superficies  or  Bodies  refpe£lively^  which^ 
by  Reafon  of  fame  Property  of  their  Nature^  orpreceda- 
neous  Suppofition^  do  not  touch  one  another.  And  on 
the  contrary,  nat  every  Magnitude  fills  Space ^  i.  e. 
that  a  Magnitude  cannot  be  placed  between  two 
Magnitudes^  but  the  adjacent  Magnitudes  on  either 
Side  arefeparate  and  at  a  DiJlancCj  according  to  the 
Manner  of  the  Magnitude  fuppofed.  i  That  no  Space 
is  tied  to  any  particular  Magnitude  but  may  befuc^ 
cejfively  filled^  as  the  "Thing  will  fufferj  by  innu- 
merable  others^  according  to  its  Meafure  and  the 
Exigence  of  the  adjacent  Magnitudes  \  for,  as  be- 
fore was  explained,  Space  is  not  a  particular,  but  a 
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kind  of  general  and   indefinite  Capnty  :   And 

ticuhr  Space.  And  which  may  be  looked  upon 
as  a  conleq^ent  Axiom  fiun  the  foregoiiK  Hypo* 
tfaeles,  flai  more  Atifmtudes  tbm  mm  tAtm  i^e* 
tber  carnirtaiematHy  pU  the  fame  8j^i:  Formofc 
Ads  dian  one  do  alto  arne  moft  Powers  dian  one, 
or  one  Addoes  perfefily  fill  \ip  and  ezhauft  on^ 
]y  one  Power  \  therefore  more  Magnitiides  dnn 
coe  require  more  Spaces  dian  one,  or  one  Mag- 
nitude takes  up  the  whole  conftitudve  Guadty  of 
onlv  one  Space:.  As  die  Ezifienoe  of  Afir  fills 
ana  as  it  were  iatiates  the  whole  PoffiUby  of 
jPiter^  and  caufes  diat  no  other  Pikr  can  eaft 
Ae  fiune  in  Number.  And  by  what  Reafim  any 
Plurality  of  Magnitudes  do  ocqipy  one  SpMCi^  faj 
the  lame  Reafon  may  as  many  other  Magnitudes 
as  you  pleafe  occupy  that  iame  Spacer  from 
whence  tne  whole  Infinity  of  poffible  Magnitude 
may  be  contained  in  the  Space  of  one  Grain  of 
Barley ;  which  feems  to  be  inconfiflent  ami  con- 
cradiftory  to  found  Reafon.  Alfb  becaufe  Mag- 
nitudes may  obtain  the  &me  Space,  they  will  alto 
poflefs  the  fame  Termination  and  Excenfion  and 
other  conjunft  AffeAions  of  Magnitude,  and  Qour 
fequcntly  will  become  entirely  the  feme ;  for  we 
icarce  do,  or,  I  believe,  can  conceive  any  Thing 
which  conftitutes  or  diftinguifhes  Magnitude  except 
thefe  Affections. 

What  this  kft  Suppofition  or  (as  fbme  chufe 
to  call  it)  Axiom  pronounces  or  figniBes,  b  wont 
p>  be  expreffed  by  the  Word  ImpenetrabUily^  which 
many  make  the  primary  of  all  the  Attributes  of 
Magnitiide,  but  how  defervedly  let  them  fee 
themfelves  J  for  I  am  for  no  Preference  of  Affecr 
lions^  but  do  efteem  all  reciprocal  and  equal,  as  to 
P^ree.  Only  it  will  be  of  ufe  to  us  to  taKeNotke, 
limt  this  PotttiQQ  is  very  ncccflary  to  Mathemati^ 

cian^. 
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cians,  and,  as  we  have  feen,  is  drawn  from  found 
Reafon,  and  is  agreeable  to  perpetual  Experi*- 
cnce.  For  whatfoever  in  Mechanics  is  deduced 
from  the  Pulfation^  or  pulftve  Force j  of  Bodies  de- 
pends upon  this  ;  Alio  whatfoever  in  Geometry 
arifcs  from  the  Dependence  of  Motions  (of  which 
kind  is  that  moft  el^nt  Defcription  of  Curve 
Lines  invented  by  Cartefius  in  his  Geometry,  which 
is  performed  by  the  Impulfc  or  Trufion  of  Rules 
in  a  certain  ordinate  Reafon)  *,  becaufe  if  a  Plura- 
lity of  Magnitudes  taken  together  can  fill  the  fame 
Space,  or  which  is  all  one,  can  one  penetrate  an- 
omer,  then  one  woul^  not  neceffarily  give  way 
to  another,  from  whence  the  Suppofition  of  Pul- 
iation would  be  in  vain,  and  no  £ffe£b  would  re- 
fiilr,  at  leaft  ^K{m  a  fcientific  Neceflity.  Therefore 
the  Impenetrd^ty  of  Magnitude  is  neceflarily 
fuppofed  by  Mathematicians,  and  confequently  it 
was  not  foreign  to  the  Purpofe  to  fliew  its  Agree- 
ment with  Reafon,  and  that  it  is  not  fuppofed 
unlawfully. 

By  equal  Right  it  may  on  the  contrary  be  fup- 
pofed, that  no  particular  Magnitude  can  occupy 
more  Spaces  than  one  taken  together.  For  one 
A61  cannot  fatisfy  a  Plurality  of  Powers  -,  nor  can 
the  PofTibility  that  Feter  and  Socrates  may  exift, 
be  filled  with  the  Exiftence  of  Peter  alone.  And 
by  what  Reafon  one  particular  Magnitude  can  pof^ 
fefe  more  Spaces  than  one,  by  the  fame  Reafon 
may  it  fufHce  to  poflTefs  as  many  Spaces  as  you 
pleafe  :  and  a  Grain  of  Poppy,  or  the  Magnitude 
of  the  minuted  Grain  of  Sand,  may  be  capable 
to  fill  all  Space  and  be  coextended  with  the  whole 
Infinity  of  polfible  Magnitude,  which  no  Body  in 
his  right  Mind  can  be  eafily  led  to  think. 

I  muft  not  omit  taking  Notice,  that  the  fame 
Magnitude  by  occupying  a  Plurality  of  Spaces  wiH 
obuin  a  Plurality  of  Extenfions,    Terminations, 
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and  all  other  Aflfeflaons  of  Magnitude  1  ftom 
whence  it  will  not  continue  one  Magmtude»  bat 
bttome  many.  Neidier  is  this  Suppofition  un^ 
profitable,  but  very  neoei&iy  to  Matbemadcians: 
and  whadbever  is  fuppo&d  or  denoonftiated  by 
them  concerning  Deteraiinate  Pofidon  depends  on 
dus.  For  how  esc.  gr,  is  z  Point  not  in  vain  firo- 
pofed  or  fliewn  to  euft  within  or  without  aQide, 
if  itcan  exift  both  within  and  without  at  the  fiune 
Time  ?  How  can  that  Line  be  fiud  to  make  fiidi 
or  fb  great  an  Angk  with  this,  if  it  can  conftitutc 
any  omer  Angle  at  the  iame  Time  whik  ir  ob^ 
tains  a  difieitnt  Pofition  ?  How  can  a  Rig^  Line 
be  demonftrated  to  touch  a  Curve  fiom  hence,  bcr 
caufe  die  Whole  &lls  without  the  Curve  Qmn^  Ac 
Point  of  Contad,  when  it  is  repi^nant  for  it  at 
the  fame  Time  to  lie  altogether  withm  it  ?  How 
Jaftly  can  a  Point  be  proved  not  to  be  the 
Center  of  a  propofed  Circle  from  hence,  becaufe 
It  does  not  bifeft  the  Diameter,  if,  by  leafon  of 
the  various  poflfible  Situations,  the  ^me  Point  can 
bifedt  the  Diameter  and  not  bifed  it  at  the  (ame 
Time  ?  Whatfoever  then  may  be  faid  of  the  Por 
pifli  Divinity,  except  the  Hypothcfis  be  true,  that 
it  is  not  pofTible  for  the  fame  Magnitude  to  fill 
more  Spaces  than  one  at  the  fame  Time,  there  is 
an  entire  End  of  all  Geometry.  Put  we  cannot 
now  add  every  thing  worthy  of  Obfervation  con-r 
cerning  Determinate  Pofition  ;  no  more  than  con- 
cerning the  other  remaining  Affeftions  of  Mag- 
nimdes  which  are  to  be  referved  for  the  foUowing 
J^eAures. 

I  will  only  add  this  one  Obfervation  more,  that 
fhere  |s  a  great  Affinity  and  Analogy  between 
^pace  ^ndfime.  For  as  Space  is  xo  Magnituie^ 
!(o  does  Time  feem  to  be  to  Motion ;  fo  that  3«w  is 
|n  fome  fort  the  Space  of  Motion.  For  when  ^ime 
)8  qUlqd  ^  Tear^  a  J^tontb^  or  a  tfay^  nothing 

feems 
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IS  to  be  lignified  but  that  fuch  or  fo  great  a 
ion  is  performed,  or  intercedes,  or  may  be 
rpofed  m  the  mean  while  5  €X.  gr.  one  Period 
he  Sun  in  the  Ecliptic  ;  one  Return  of  the 
m  to  the  Sun  ;  or  one  Revolution  of  the  Hea^ 
r  (or  the  Earth)  about  its  Jxis.  But  this  by 
bffj  for  ^me  itfelf  now  forbids  us  to  treat  more 
r  concerning  ^me. 

fTTTTTTTTTTTTTTTTTTT  TTTtTTTTTTTttTTtTT 

LECTURE    XL 
ftbe  Congruity  and  Equality  ofMagmtudes. 

^  the  foregoing  Ledhirc  we  have  Q)oke  fuffi- 
dently  concerning  the  Nature  of  Space  and  cer- 
Mathcmatical  Hypothefts  which  are  drawn 
1  thence.  The  next  AfFeftion  of  Magnitude, 
Ji  offers  its  fclf,  is  Congruity  ;  the  Suppolition 
irhich  is  as  it  were  the  chief  Pillar  and  prin- 
1  Bulwark  of  all  the  Mathematics.  For  from 
«,  in  my  Opinion,  is  taken  the  formal  Reafon 
Equality^  which  is  all  in  all  in  the  Mathema- 
\  and,  as  (k)  Proclus  fays,  the  moft  original 
ffion  in  ^antity  :  at  leafl  it  is  in  fa6t  the  moft 
dpal  Criterion,  and  affords  the  leading  Ar- 
dent of  the  fame  5  as  it  will  be  perhaps  worth 
c  to  (hew. 
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Ac  Omghnty  of  die  Sides  and  Angles  \  011I7  af* 
iiimmg  the*  Axiom,  TStff  /«w  Ei^  Ums  cmfm- 
betd  not  Spase^  or  whidi  comes  to  die  £une,  ^mt 
tw$  Right  Lines  baw^  the  fame  Terms  mt  emh 
grnms.  From  diis  b  demodfaatBd  die  Efu^ 
titrim^MAPmralkhmtmcadB^^ 
fiimeBausy  and towcciiw fame PkralMs, only «»■ 
plying  die  A»om»  which  is  alio  demanftnme^ 
CMgruih^  (as  fhall  be  hereafter  fhewn)  If  emud 
Entities  be  added  i§  Equals^  the  WbeUs  \ 
0r  if  equal  ^yantities  te  fmraSed  finm  emals^ 
the  Remainders  fiaU  be  eqnal  to  one  anaher.  From 
AeoKhf^Asdomitbatnisigseq^dto  Aefmm 
third  are  equal  to  one  another  (which  Anom  may 
in  like'  manner  be  dcmodbatod  by  Co9igriaty)  dte 
fime  is  demonftrated  concerning  Paralleujprams 
and  Triatgles  conftituted  upon  equal  Bales.  From 
Cbefe>  apdying  alfo  dieDmnition  ot  Proportionals^ 
h  deduced  die  Prop^n^ondity  of  Parallelograms  and 
Triafigles  of  equal  Heights,  with  die'u*  &ies,  or  cf 
equal  Baiesy  wim  their  Heights.  Hence  the  SitmK^ 
tnde  of  equiafigular  Triangles  ;  then,  m  emial  7H- 
sn^s  and  Parallelograms  having  one  Angle  equal, 
die  reciprocal  Propordon  of  the  Sides  about  the 
like  Angles ;  and  interchangeably  the  Equality  of 
die  Sides  of  the  Figures  are  derived  fixMn  the  re- 
dprocal  Proportion  of  their  Sides ;  and  all  die  other 
principal  Afrcftions  of  plane  Figures,  which  are  eijpe- 
cially  contained  in  thcjsxtb  Book  of  the  Elements. 

Alfo  otherwifc,  without  applying  the  fmrtb 
Pfvpofition  of  ^firfi  Book  of  the  Elements j  diefe 
abovemendoned  £^ird/r/i^j  and  Proportionalities  of 
Triangles  and  Parallelc^iams  arc  deduced  bv  diat 
eatcellent  Method  of  Indivifiblesy  the  moft  miitful 
Mother  of  new  Invendons  in  Geometry,  which 
was  not  long  ago  publifhed  and  applied  to  com* 
mon  Ufe  by  Cavallerius.  The  Foundation  of 
which  moft  elegant  and  ulefol  Method  (as  its 

Audior 
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Author  does  not  oblcurely  intimate)  is  from  Con- 
gruityj  and  is  demonftrated  by  CongruUyy  as  will 
appear  to  any  one  who  does  but  attentively  con* 
fider  die  fiift  Propofitions  of  his  fecond  Bodk  con^ 
cemii^  the  Geometry  of  Indiviftbles^  ot  ibmc  few 
di  die  firft  Propofitions  of  the  lame  Author's  firft 
Ezercitation. 

In  like  manner  the  eighth  Propqfiiion  of  the  firfi 
Book  of  the  Elements  about  the  EmaUty  of  Anises 
iiibcended  by  equal  Sides,  in  Triar^es,  whofe 
Lc^  are  equal  (which  is  another  plentiful  Foun* 
tain  <^  Geometrical  Theorems,  efpecially  abound* 
ing  with  fuch  as  refpeft  the  Afie&ions  of  Circles) 
is  there  demonftratra,  and  can  be  no  otherwiie 
demonftratedt  than  by  this  CongruUyj  dther  inune* 
diately,  or  mediately. 

I  ip2&  by  many  other  particular  Demonftradom 
dependii^  upon  the  Suppofidon  of  this,  which 
are  extant  in  Archimedes^  Pappus^  and  many  qdier' 
&mou5  Geometricians.  From  whence  die  ifioft 
l^acious  fFillebrord  Snellius  calls  Cotigruityj  die 
moft  elegant  Utenfil  that  belongs  to  me  Furni* 
ture  of  Geometry.  They  therefore  who  defpifti 
and  reje£t  it  in  mathematical  Demonftradons^ 
9&  favouring  too  much  of  mechanical  Bungling,  do 
endeavour  to  overthrow  the  very  Bafis  of  Geome* 
try  5  but  without  cither  Wifdom  or  Succefs.  For 
Geometricians  do  not  perform  their  Congrmty  by 
the  Hand  but  the  Thought,  not  by  the  Smfe  of  the 
Eye  but  the  Judgment  of  the  Mind.  They  fup- 
pofe  an  accurate  and  perfeft  Congruence^  wmch  no 
Hand  can  perfix-m,  nor  an^^  Senfe  difcem,  and 
fix>m  that  Suppofidon  draw  juft  and  logical  Con« 
iequences.  Here  is  no  need  of  Rule  or  Com- 
pares, no  Labour  of  the  Hands,  but  the  Whole 
18  die  Work,  the  Artifice,  and  Device  of  the 

(I)  Sodl.  Ftipr.  ad  Cj^iamx. 
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^^*^**  9  nniliiiig  if  wiMpBHtl  wnidi  finaon  of 
BAociiinifiiit  bocQalT  snrs  cvny  Magwmfle  ii 
involved  io  nnae  Sun.  cf  BamEr*  b  CBiwarJ  vi 
theScnlcSy  v  is  vrfUt  andpibdble  »  fc  uh 
the  Mind  demaodm  be  mocnfaoody  die  Hand  i 
cnwiif  in  Put^  and dK Fkm  can  ki mmdc 
fine  nnnhtr  die  Theory.  Wluch  Innanoo  'not- 
wnfaAandmgy  b  lb  fiir  finoi  vcakennig  ot  de- 
neflbig  die  Sucugph  and  D^gpmj  cf  GsMKHritfl 
A«w|^r4«Mii,  drnkafiwdskamoehiuoreflroug 
1  and  an  hjajher  Advannrmmiy  by  fen- 
;^die  Rcalky  and  FUEfailky  of  the  at 
Bod  (as  nc  have  efim 
:  Foaodadon  cf  all  Sdenoei 
and  diiB  cAaUifliing  die  Auduny  of  Bfafim  by 
the  Sufln^e  of  Eapcricnoe.  OawiiiKudf  dny* 
who  alpeiie  die  Knowledge  of  Mecfaaiucs  m  diofe 
Demonftnitions  where  Congmity  is  apcdied,  do 
ndier  accufe  diem  of  die  greatcft  rferfeOiuo^  dian 
of  any  Defeft  or  Blcmifli,  and  in  Realicv  do  die 
£unc  as  to  reproach  diem  for  dieir  caBoellent  Fa- 
miliarity and  Facility,  for  their  too  great  Evi- 
dence and  Noblencis.  Nor  indeed  has  Ramus 
himielf  any  Thing  here  to  find  Fault  with,  though 
one  that  has  no  great  Favour  or  Good-Will  to- 
wards the  Ancients,  but  willingly  ^ves  his  Voce, 
and  very  much  approves,  commends,  and  ufes 
die  Method  of  Realoning,  which  is  drawn  from 
CangruUy.  This  Kind  (fays  (m)  he)  of  EucUdean 
D^monftra^ioHj  fo  expedite  and  facile  I  do  very  ml- 
lit^  embrace. 

But  why  do  I  go  about  to  defend  the  Me- 
thod of  Demonfbation,  which  is  conunonly  re- 
ceived and  ufed  by  the  very  Princes  and  Ring- 
leaders of  Geometry  (v\z.  Euclid^  Archimedes^ 
jipoUoniuSj  Pappus  J  and  others j  againft  fuch  pidfid 

(«)  ScboL  Matt<  Lib.  Vin.  170. 

Smatteiers } 


LscT.XI.     Mathematical  Le£iures.         189 

Smatterers  ?  Rather  let  us  confider  the  Nature  and 
Quality  of  this  Mathematical  Q)ngruity  a  little 
nearer.  Congruity  is  wont  to  be  defcribed  by  the 
Occupation^  Poffejfxm^  or  Repletion  of  the  fame 
flace  or  Space:  which  may  be  Conceived  to  be 
done  three  ways,  viz.  by  Application^  Succejfion^ 
or  Mental  Penetration,  (ij  By  Application^  when 
one  Magnitude  is  conceivea  to  be  fb  laid  upon^ 
or  applied  to  another,  as  immediately  to  touch 
that  other  with  all  its  Parts,  and  no  where  re- 
cede, or  be  feparated  from  it :  As  when  a  Mea- 
fure  is  applied  to,  and  coextended  with  the  Thing 
meafured  (zs  a  Yard-Wand  to  the  Selvage  of  a 
Web  *>  or  aflSgned  Right  Lines  to  the  Sur&ce  of 
the  Earthy  in  which  Application  all  the  Parts  of 
one  Longitude  do  exactly  anfwer  to  and  imme- 
diately touch  the  Parts  of  the  other,  and  confe- 
quendy  thcfc  arc  congruous  to  one  another  after 
this  manner.  (2)  By  Succeffion^  when  one  Magni- 
tude  is  conceived  to  enter  the  Place  of  ancdier 
Magnitude  removed ;  as  when  Water  is  poured 
out  of  a  Veflel  and  Wine  poured  in,  thefe  Mag- 
nitudes are  laid  to  be  congruous  by  reafon  of  the 
Identity  of  Space  which  they  fucceffively  occupy. 
(2)  By  Mental  PenetratioHy  when  we  conceive  the 
Magnitudes  of  two  Bodies  to  grow  together,  co- 
incide, and  as  it  were  unite  into  one  by  the  Pof- 
iefTion  of  the  fame  Place  in  the  fame  Time :  By 
which  Congruity  nearly  the  Writers  of  Perfpedtive 
do  fuppofe  a  Table  interpofcd  between  the  Eye 
and  a  radiant  Objeft,  every  where  perfpicuous, 
and  as  it  were  penetrated  with  the  lucid  Cone  or 
Pyramid  (o  as  no  where  to  hinder  the  Rays  fh>m 
paflii^  through,  but  to  receive  them  all  upon  it, 
and  retain  their  Veftigia  as  imprefled  upon  or 
united  into  it. 

Of  thefe  Ways  of  Congruity^  that  which  is  per- 
formed by  real  Application  agrees  with  Lines  and 

Suferfiw 
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Superficies  only,  which  by  reafon  erf*  their  Indivifi- 
bilicy  may  touch  the  Whok  of  one  another  im- 
mediately,  and  by  this  Contaft,  as  it  were  pene- 
trate one  another  and  coincide  in  one.  Whence 
Geometricians  do  account  (lich  congruous  Lhies 
and  Superficies  as  one :  Which  feems  to  have  beat 
meant  by  Euclid^  when  he  denies  Space  to  be 
comprehended  between  two  Right  Lines,  as  alfo 
a  fodid  Space  between  two  Planes.  ^  The  Points 
whkh  terminate  a  Plurality  of  condg^ous  Lines, 
diey  always  account  for  one  conunon  Point ;  as 
alfo  the  extreme  Lines  which  determine  a  Plurality 
<^conjunft  Superficies  diey  take  for  one  Linei  uid 
laftly  tiie  Superficies  which  terminate  Bodies  they 
luppofe  to  coakfte  into  one  Superfice.  And  diis  is 
reckoned  as  a  Poftulate  by  VUelliuSy  \dz.  thai  to&fn 
two  plane  Superficies  do  touch  one  amtber^  tbey  be^ 
come  one  Superfice.  And  by  the  fame  Reafon,  the 
concave  Circumference  of  a  Circle  coincides  with 
the  convex  Circumference  of  another  included  cqn'* 
centric  Circle,  which  is  pcrfeftly  contiguous  to  the 
former :  Alfo  the  concave  Superfice  of  a  Sphere  co- 
incides with  the  convex  Superfice  of  another  in- 
cluded concentric  Sphere,  which  is  perfe&ly  con- 
tiguous, as  before. 

But  Bodies  by  reafon  of  their  internal  Thicknefi 
have  only  their  external  Superficies  contiguous,  and 
confequendy  no  Part  of  them  can  be  congruous  by 
application.  Wherefore  feme  of  the  Modems  do 
utterly  deny  them  to  have  any  Congruity  at  all. 
But  at  leaft  the  Congruity  performed  by  Succeffion 
{viz.  by  Means  of  a  common  Space)  pertains,  and 
is  extended  to  all  Magnitudes  univedally :  Since 
no  Magnitude  is  peculiarly  tied  to  any  one  Space^ 
nor,  on  the  contrary,  any  Space  to  one  Magnitude, 
but  the  Place  left  by  one  may  be  occupied  by 
any  odier  equal  and  limilar  Magnitude. 

Laftly, 
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Laftly,  The  Mental  CongruUy  of  M^gtiitudet 
is  not  abfurdly  fuppofed  to  be  alfo  ofSolidSy 
whatlbever  the  above  named  Philolbj^r  mav 
think.  For  Jirfty  no  ailual  or  real  Penetration  li 
affined  by  it,  but  only  it  is  abftraded  in  the 
Mind  ;  neither  does  the  exclufroe  Force  of  Bo- 
dies, which  hinders  real  Penetration^  come  into 
Cbnfideradon  ;  but  the  general  and  indefinite  Ca- 
pacity of  admitting  an  equal  Body  is  only  confi- 
dercd  feparately  by  itfelf,  which  is  the  principal 
Property  of  Space.  Which  Manner  of  Concep- 
tion die  Philolopher  does  often  abfblve  from  Fal- 
fity.  Neither y  lays  {b)  he,  when  they  abftraSj  does 
it  become  falfe.  Secondly ^  This  mental  Penetration 
is  no  odicrwife  fuppofed  by  Mathematicians,  than 
as  real  Penetrability  is  deftroyed  by  it,  and  dc- 
monftrated  to  be  abfurd.  For  bccaufe  it  is  fup- 
pofed that  two  Bodies  fill  the  fame  Place,  they 
demonftrate  from  thence,  that  the  Magnitude  d^ 
both  is  the  fame,  and  therefore  that  by  fenetrat-^ 
ing  one  another  they  ceafe  to  be  two  ;  and  confe- 
quently  that  two  Bodies  (t.  e.  formally  two  Bodies) 
cannot  penetrate  one  another.  It  is  lawfiil  to 
fuppofe  any  Thing  however  felfe  and  abfurd,  that 
fiKdi  FaUhood  and  Abfurdity  may  be  the  b^ter 
underftood.  Nor  can  fcarce  any  negative  Pro- 
pofition  be  convinced  of  Falfhood,  any  other  Way 
than  by  detefting  the  Falfides  that  follow  from 
the  Suppofidon  of  its  Truth.  Thus  therefore  do 
Mathemadcians  apply  this  Penetration^  which  is 
fuppofed  in  the  Mind,  as  thofe  apply  it,  who  en-  , 
dcavour  to  demonftrate  the  Impenetrability  of  Mag* 
nitude  itfelf  from  the  Suppofidon  of  Penetration^ 
For  Mathemadcians  only  ufe  it  for  difcoverin^ 
or  proving  the  Equality  or  Inequality  of  Magni* 
tudes,  by  which  Means  I  affirm  that  two  Spheres 

defcribcd 
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dcfcribod  with  eqml  DBUncBcn  are  eqial  %  fx 
the  Center  of  the  one  may  be  conodvcd  to  be  con^ 
gniouswidi  the  Center  of  the  other;  iHmoe,  hf 
leafonof  the  £^»a%  of  aU  the  i6Mfir»  the  cner- 
ml  Siiperfice  oT  the  one  will  not  catioeed  the  at- 
tthial  Si^erfioe  of  the  odier,  therefixe  the  Whdle 
of  the  two  Spheres  \nll  be  coi^pnioui,  thetdhte 
dbqr  ^Moll  have  die  lame  Magnittidc>  i .  e.  diejr 
will  be  couaL  But  if  die  IKameter  of  the  one 
be  iiqypoted  greater  than  die  Diameter  of  the 
odier,  if  die  Centen  be  concdved  congnioasy 
the  amlnent  Soperfioe  of  one  will  ekoeed  that 
of  dK  other,  becaufe,  by  realbn  of  the  fim- 
poled  unequal  Radii^  it  is  fardier  diftanc  fiun  me 
oommon  Uenter  \  therefore  the  Magnitude  of  bodi 
idll  not  be  ibe  fame,  i.  e.  diey  will  dierdbre  be 
unequal. 

Rit  if  any  one  do  neverthclefi  oppofe  Msj^i- 
Hous  Penetration  J  as  not  fufficiendy  latis&dory ;  I 
add,  that  this  mental  Congruity  may  be  conceived 
by  Succcffion,  viz.  by  conceiving  the  one  to  va- 
nifh,  and  the  other  to  be  fubfticuted  in  its  Place, 
t.  e.  to  be  interpofed  within  the  fame  Term,  or 
contained  withia  the  fame  Ambit  ;  by  which 
Means  there  will  be  no  Difficulty,  but  this  Pene- 
tration  may  be  conceived  almoft  the  fame  Way, 
whereby  a  Sphere  revolved  about  its  Ass  does 
penetrate  itfclf ;  as  one  Part  does  perpetually  foc- 
ceed  in  the  Place  of  another.  Whence  it  appears 
dut  Congruity  is  nothing  elfe  but  the  Occupation  or 
Completion  of  the  fame  Space  or  Place^  whether  in 
the  lame  Time  or  fucceflively,  from  which  there 
reliilts  a  fort  of  Identity  of  Magnimdes,  or  Coali- 
tion into  one.  For  indivifible  Magnitudes  be- 
caufe  applied  to  one  another,  (according  to  their 
Indivifibility)  do  fill  the  lame  Space  in  the  laine 
Time,  and  as  it  were  coincide  together ;  but  Iblid 
Magnitudes  pcry  Way  really  divifiblc  are  con- 
ceived 
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ccived  to  be  in  the  fame  Space,  either  at  different 
Times  by  Succejjion^  or  at  the  fame  Time  by  men- 
tal  Penetration^  and  are  united  and  identified  be- 
tween themfclves  by  the  Intervention  of  that  Space, 
as  far  as  their  Quantity  is  united  and  identified 
with  it.  But  that  this  AfFeftion  may  be  yet  more 
apparent,  I  obferve  moreover  that  Con^ruity  (ef- 
pecially  that  which  is  conceived  by  Aptofition)  may 
DC  underilood  to  be  handled  various  Ways,  and  as 
it  were  by  certain  Degrees. 

Firfi^  So,  that  the  whole  Magnifides  taken  toge- 
ther do  pofRfs  the  fame  Space  in  the  fame  Time, 
the  Situation  of  the  Parts  being  no  where  varied. 
By  this  may  be  congruent  all  Right  Lines,  plane 
Superficies,  Peripheries  of  equal  Circles,  Super- 
ficies of  equal  Spheres,  fimilar  Spirals  in  equal 
Circles,  Cylinders,  or  Spheres  •,  and  all  other  Mag- 
nimdes  whatfoever,  which  arc  fimilar  and  equal. 
This  is  the  highell  Degree  of  molt  prfeut  Con- 
gruity. 

Secondly^  So,  that  they  coincide  with  ths  fame 
Space  fuccefiively  by  Parts,  the  Situation  of  tht* 
Parts  again  being  no  where  changed.  By  this 
Way  may  be  adapted  the  Perimeter  of  every 
Right  lined  Figure  to  a  Right  Line  extended  at 
Length,  and  the  Surface  of  a  Prifm  to  a  Plane 
Superfice  flretched  upon  a  Level.  Which  is  the 
next  Degree  of  pojfible  Congruence. 

Thirdly^  So,  thatall  the  Indivifiblcs'of  each  Mag- 
nitude may  fucceed  in  the  fame  Place,  and  neither 
of  the  two  vary  the  Pofition  of  their  Parts.  By 
this  Method  while  a  Wheel  or  a  Circle  runs  for- 
wards upon  a  Right  Line  always  contiguousj  to  it, 
and  in  the  fame  Time  is  turned  about  its  Cen- 
ter, its  Periphery  is  congruous  to  the  faid  Right 
Line  ;  becaufc  all  the  Points  of  the  circular  Pe- 
riphery are  continually  applied  in  a  fucceffive  Or. 
der  to  all  the  Points  of  the  Right  Line.     There. 
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fore,  to  oblerve  this  by  die  by,  it  is  manifeftly 
perceived  from  Ctmtgru^j  that  a  Right  Line  daay 
be  made  equal  to  the  reriphery  of  a  Circle,  and 
€x>nfequently  the  Quadratute  of  a  Circle  is  not  a 
Thing  altogether  impoflible  in  its  Nature,  which  is 
thus  exprefied  by  the  above-mentioned  moft  acute 
(i)  Geometrician  in  his  Cyclometria :  Such  is  tbe 
Mechanical  Revolutitm  of  every  Circle  tiU  it  rehim 
to  tbe  fame  Point  of  tbe  Peripbery^  inhere  tbe  Or- 
cumduSlion  was  begun  \  wbicb  indeed  argues j  and  as 
it  were  lays  before  tbe  Eyesj  tbat  a  Rigbt  Une  may 
be  really  exhibited  equal  to  the  Perimeter  if  a  Circle. 
And  by  like  Realon  a  Cylinder  turned  about  its 
Axis  proceeds  upon  a  plane  Superfice,  and  iti 
curved  SuperHce  is  exafUy  equal  to  the  laid  plane 
Superfice  :  Bccaufe  all  the  parallel  Right  Lines, 
which  lie  difpolcd  one  after  anodier  in  the  Super- 
fice of  the  Cylinder,  are  applied,  by  a  continued 
uninterrupted  Series,  to  all  the  parallel  Right  Lines 
in  the  plane  Superfice. 

Foitrthly^  So,  that  all  the  Indivifibles  of  both 
Magnitudes  do  occupy  the  fame  Place  in  the  fame 
Time,  the  Situation  of  the  Parts  of  one  being 
in  feme  meafure  unvaried,  but  yet  their  Order 
prcferved,  and  the  former  Contiguity  of  the  par- 
ticular Parts  retained.  By  this  Way  the  Periphery 
of  a  Circle,  or  any  other  Curve,  may  be  lb 
flrctched  or  extended  as  to  pafs  into  a  Right  Line, 
and  confequendy  be  congruent  with  a  Right  Line  ; 
and  on  the  contrary  a  Right  Line  may  be  io  in- 
curvated,  as  to  degenerate  into  the  Perij^ry  of  a 
Circle,  or  any  other  Curve  Line.  And  the  lame 
Way  may  any  curve  Superfice  be  extended  into 
a  plane  one,  and  reciprocally  any  plane  Super- 
fice into  a  curve  one.  And  indeed  (to  explain, 
the  Matter  a  litde  farther)  it  may  be  often  plainly 
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enough  difcerned  how  curve  Lines  may  be  made 
6ucof,  and  refolvcd  into  Right  LJnes,  alfo  from 
what  plane  Superficies  may  arile  curve  ones  ;  which 
may  be  ftiled  the  Involution  or  Evolution  of  curve 
Lines  and  curve  Superficies.     -2';r,^r.  as  to  curve 
Superficies,  the  curve  Superfice  of  a   Cylinder   is 
nothing  but  a   Right  angled  Parallelogram,  hav- 
ing its  Bafis  eoual  to  the  Periphery  of  a  Circle, 
"Which  is  the  Bans  of  the  Cylinder,  and  of  the  fame 
Height  with  the  Cylinder,  all  whofe  Right  Lines 
parallel  to  the  Bafis  are  bent  or  incurvated   into 
the  Peripheries  of  Circles  -,  from  whence  the  cy- 
iindrical  Superfice  is  congruous  with  this  Paral- 
lelogram,  it  any  fide  of  the  Cylinder   (/.  e.  any 
Right  Line  drawn  from  Bafis  to  Bafis  upon  its  Su- 
perfice) be  applied  to  the  Side  of  the  Parallelo- 
gram,   and  thence  the  whole  Superfice  expanded 
into  a  Plane  ;   or  if  by    the  Application    of  the 
Side  of  the  Parallelogram  to  any  Side  of  the  Cylin- 
der, its  Plane  be  rolled   about  die  Cylinder,  and 
as  it  were  do  clothe  and  cover   it  on  every  Side. 
In  like  manner  a  conical  Superfice  is  only  the  plane 
Sedor  of  a  Circle  having  its  Radius  equal  to  the 
Side  of  the  Cone,  and  its  Arch  equal  to  the  Peri- 
phery of  a  Circle  which  is  the  Balis  of  the  Cone, 
and  whofe  concentric  Arches  are  incurvated  into 
as   many  perfeft  circular  Peripherics  :    Or  rather 
otherwife,  a  Conical   Superfice  is  only   a  Right, 
angled  Triangle,    whofe   Altitude,    or  Perpendi- 
cular, is  equal  to  the  Side  of  the  Cone,  its  Bafis 
to   the  Periphery  of  a  Circle  which   is  the  Bafis 
of  the  Cone,  and  all  whofe  Right  Lines  parallel 
to  the  Bafis  are  bent  into  fo  many  circular  Pcri- 
[Acries.     So  alfo  the  curve  Superfice  of  a  Sphere 
(with  every  Superfice  of  a  plane  Figure  which   is 
gienerated  by  a  like  Rotation)  may  be  eafily  re- 
duced  to  a  trilineal  Plane  comprehended   within 
:wo  Right  Lines  conftituting  a  Right  Angle,  and 
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a  curve  lined  fubtenfe.    But  how  that  is  done,  it 
does  not  belong  to  this  Place  to  explain.     But  as 
to  Curve  Lines,   befides  the  Circumference  of  a 
Circle   (which  is  nothmg  but  a  Right  Line  every 
where  fimilarly  and  uniformly  bended  through  all 
its  Parts)  I  fay,  befides  this,  the  cylindrical  Spiral 
(which  is  the  moit  fimple,  uniform  and  fimilar,  as 
to  its  Parts,  of  all  other  Curves)  is  nothing  but  a 
Right  Line  equal  to  the  Diagonal  of  the  afore- 
laid  Parallelogram  (to  which  the  cylindrical  Supcr- 
fice  is  reduced;  it  being  circunivolved  about  the 
cylindrical  Superfice.    Concerning  the  Redu£bion  of 
other  Curves  to  Right  Lines,  or  to  other  kind  of 
Curves,  I  am   at   this  Time  filent,  left  I  (hould 
be  both  too  prolix,  and  at  the  lame  time  too  ob- 
fcure  in  a  Thing  only  handled  by  the  by.     To 
this  Mode  alio  belongs,  or  is  very  near  of  kin  to 
it,  tlvat  Cou^ruity  of  which  equal  Figures  included 
witi^.in  the  lame  parallel  Lines  or  Planes  are  capa- 
ble •,  cf  which  all  the  Linc^  or  Planes  intercepted 
between   the  fame    Parallels  are  equal.     As   two 
Triangles  or   Parallelograms  not  equiangular    to 
one   another,    or  two  Pyramids,  Prifms,    Cones, 
Cylinders  unequally   inclined,    conftituted  between 
the  fame  parallel  Right  Lines  or  the   fame  pa- 
rallel Pla  les,  and   ui:on  equal  Bales.     For  as  one 
ot  thefe  is  congruous  to  another,  the  Situation  of 
the  Parts  of  one  ought  to  be  accommodated  to  the 
Pofition   of  the   Parts  cf  the  other,  yet  without 
diftuibing  their  Order,  or  lofmg  their  former  Con- 
tiguity. 

The  fifth  "Way  is,  when  the  Congruity  may  be 
fo  performed,  that  the  Pofition  and  Order  of  cer- 
tain Parts  is  changed.  This  Way  of  Congruity 
of  all  the  moft  imperfeft  and  difficuk  to  be  under- 
ftood,  agrees  with  homogeneous  Figures  altoge- 
ther unlike  to  one  another.  Ex.  gr.  A  Triangle 
is  no  otherwife  congruent  with  a  Circle,  a  Cone 

with 


Lect.  XI.     Mathematical  LeSiureu  197 

with  a  Sphere,  than  by  tranfpofing  the  Parts  of 
either,  by  applying  a  Part  of  one  to  a  Part  of 
the  other,  and  a  part  of  the  Refidue  in  one  to  a 
part  of  the  Remnant  in  the  other ;  and  fo  perpe- 
tually, till  the  Bufinefs  be  finifhed,  and  all  the 
Parts  of  the  one  be  at  length  applied  to  all  the 
Parts  of  the  other  ;  which  Thing  whoever  defires 
to  have  diftinftly  explained  I  advife  him  to  go  to 
the  above  mentioned  Places  of  Cavellerius, 

From  thele  Things  it  will  appear  to  him  who 
more  attentively  confiders  that  all  Magnitudes  of 
the  fame  Kind  may  be  fome  way  made  congruent 
to  one  another,  i.  e.  Lines  to  I-ines,  Superficies  to 
Superficies,  and  Solids  to  Solids,  either  the  Wholes 
at  the  fame  Time,  or  by  their  Parts  (or  Indivifi- 
bles^  fucceffively,  the  Situation  of  the  Parts  being 
retamed,  or  taken  fomething  at  large,  or  at  leaft 
tranfpofmg  them :  I  fay  all  Magnitudes  may  be 
congruous  by  taking  Congruity  at  large,  for  any 
Coincidence  though  inadequate ;  by  which  means 
a  lefler  Right  Line  laid  upon  a  greater  Right  Line 
will  be  congruous  to  it,  /.  e.  will  coincide  with  it 
wholly,  though  not  with  the  Whole  of  it. 

But  Congruity  more  ftriftly  taken,  is  only  attri- 
buted to  equal  Magnitudes,  which  neither  any  where 
exceeding,  nor  falling  fhort  of,  its  Bounds,  do  pre- 
cifely  occupy  the  fame  Place,  i.  e.  do  juftly  fill  it, 
and  are  contained  by  it.  And  indeed  fome  do 
place  ^t  formal  Reafon  of  Equality  itfelf,  in  the 
Aptitude  or  Power  of  fuch  Congruity  with  which 
Magnitudes  are  oftentimes  endowed,  and  fi'om  thence 
define  it,  in  my  Opinion,  not  badly.  Of  the  An- 
cients the  great  Apollonius  was  of  the  fame  Mind,  as 
appears  from  his  Demonftration  of  that  celebrated 
Axiom  of  the  Equality  of  Things  equal  to  the  fame 
thirds  which  Proclus  produces  and  impugns.  Which 
Demonftration  depends  upon  this  Definition  of 
Equality,     Thoje  fhings  are  equal  t$  one  another 
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wbicb  poffefs  the  fame  Place.  And  lately  our  Counr 
tryman  Mr.  Hibbs  has  al£>  defined  e^d  Bodies  to 
hcfucb  as  can  occupy  the  fame  Place.  But  a  Boif 
(fays  he )  may  eccupy  the  fame  PlacCy  wUcb  mh 
other  Body  occupies^  though  it  he  not  of  the  fame  F^ure^ 
if  it  can  only  be  und^fiood  to  he  reduced  into  the 
fame  Figure  by  the  Flexion  and  franjpofitiom  of  its 
Parts.  Which  Aflercions  of  Hobhs^  his  great  Ad? 
vdfary  does  largely  canvals  and  very  acutely  en* 
deavour  to  refute  \  but  according  to  oiy  Judg- 
ment, not  to  diflbnble  dieTruui.  not  with  tne 
utmoft  Efficacy.  For  I  am  notwithftanding  more 
of  the  Opinion  of  Apdlomus^  and  thiidcdiat  Equa- 
lity b  appofitely  enough  defined  fiom  a  peffikle  Cour 
gruity.  I  will  give  tome  Reafbns  for  my  dunking 
fo^  and  examine  this  Matter  a  little  more  curioufly 
^proceeding  gradually^,  becaufe  it  feems  worth  the 
while,  and  makes  fomething  for  our  Purpofe. 

And  firfty  though  it  may  be  fomcwhat  queftion- 
cd,  whether  it  be  expedient  to  affign  any  Definition 
of  Equality^  for  (p)  Ariftotle  feems  to  think  it  not 
at  all  neceflary  ;  oecaiiie  the  Notion  of  Equality 
is  perfpicuous  of  itfelf,  and  its  Signification  abun- 
dantly plain  to  every  one.  Tofubduil  Equals  from 
Equals^  fays  he,  affumes  not  (i.  e.  explains  not) 
what  Jffellions  do  fignify^  nor  does  it  affume  (or 
explain)  what  the  common  ^erms  (\.  c.  of  Princi- 
ples or  Axioms)  ftgnify^  becaufe  it  is  mamfeft. 
Though  I  lay  it  may  be  thus  doubted  whether 
Equality  ought  to  be  defined  at  all,  neverthelefs  I 
thuik  it  for  the  Benefit  of  the  Mathematics,  to  have 
what  is  underftood  by  it  diftinftly  defined,  and 
explained.  For  fmce  Equality  is  an  Afieftion  of 
that  Kind  that  it  does  not  immediately  occur  to  the 
Senfe  or  Experience,  but  refults  from  an  inftituted 
Comparifon  of  Things,  Cat  leaft  wiAout  Compa- 
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rifbn  it  is  not  apprehended  by  us)  and  fince  Things 
may  be  differently  compared  with  one  another, 
therefore  it  feems  to  be  required  of  us  to  deter» 
mine  from  what  and  what  Sort  of  Comparifon, 
when  and  after  what  manner  we  conceive  Equality 
to  refult,  by  fome  certain  Argument,  undoubted 
Criterion,  or  annexed  Sign  evident,  reciprocal, 
and  exprefled  by  a  Definition  -,  that  we  may  have 
a  diftinft  Noaon  of  it,  and  that  no  Caufe  of 
Doubt  or  Difference  may  poffibly  arife.  It  is 
indeed  needlefs  for  thofe  Things  which  are  more 
unmediately  and  frequently  expgfed  to  the  Senfcs, 
(of  which  the  firft  indemonftrable  Hypothefes  do 
confift)  to  be  explained  in  other  Words  befides 
their  vulgarly  received  Names,  becaufe  they  im- 
preis  the  (ame  diftinft  Ideas  of  themfelves  upon 
all  Men.  For  I  take  no  Notice  of  their  Opinion, 
who  think  the  Species  of  Equality^  Similitude^  and 
fuch  Relations,  to  be  implanted  in  us  by  Nature  -, 
fince  that  Device  (as  we  have  feen  above)  is  unne- 
ceflary  and  unfuitable  for  the  Sciences  ;  nor  does  it 
depend  upon  any  lolid  Reafon,  that  I  can  perceive, 
except  certain  Metaphyfical  Perplexities  and  Nice- 
ties of  Words.  But  to  cut  off  all  Occafions  of 
Difpute,  it  feems  to  be  of  Ufe  to  the  Sciences, 
moft  accurately  to  determine  all  the  other  fecon- 
dary  Conceptions,  which  do  any  how  refult  from 
the  Comparifons  of  thefe  firft  Hypothefes  one 
with  another,  by  confining  thefe  firft  Hypothefes 
from  whence  they  arife.  For,  ftri6Uy  fpeaking, 
in  raifing  any  Science  from  its  firft  Foundations, 
it  is  fcarce  lawful  to  apply  any  Word,  which  is 
not  before  defined,  or  at  leaft  to  which  we  cannot 
moft  evidently  demonftrate  fomething  anfwering 
in  Nature.  Which  ought  to  obtain  fo  much  the 
more  in  this  Affeftion  of  Magnitudes,  which  we 
are  now  treating  of,  becaufe  it  bears  the  princi- 
pal Part,  and  almoft  always  occurs  in  every  ma- 
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thematical  Subjcd  and  I^lcourle,  and  confequendy 
it  rightly  behoves  all  Students  of  thofe  Sciences  to 
have  one  agreeable  and  commcm  Idea  of  it,  dear, 
diftind,  and  confentaneous  toRcafon  *,  and  that  they 
do  not  apprehend  it  confuledly  or  dil^^reeably. 
And  indeed,  fince  we  ourfelves  do  feek  and  du- 
puce  what  this  Eauality  is,  wherein  confifts  its 
jormal  Reafon^  and  how  it  ought  to  be  defined, 
it  may  be  an  Argument  that  *it  ought  to  be  de- 
fined. To  this  1  add,  that  the  Definition  of 
Equality  ought  to  be  known  and  ready,  at  leaft 
becaufe  it  is  incumbent  upon  me  to  defend  this, 
that  all  Axioms  are  to  be  accounted  for  Tbeta^ems^ 
and  may  and  ought  to  be  demonftrated,  (if  the 
Thing  require  it)  and  that  efpecially  from  the 
Definition  of  the  Terms  of  wnich  they  confift: 
fi-om  whence  the  Truth  of  thefe  Axioms  may  ap^ 
pear  concerning  the  Equality  of  Things  equal  to 
the  fame  third,  of  the  Sums  or  Differences  of  equal 
Quantities  added  or  fubtrafted  from  Equals,  and 
the  like.  I  add  alfo  that  through  a  want  of  this 
Definition  there  would  happen,  nay  perhaps  in 
Fadl  has  liappened  (to  the  Difparagement  and  De- 
triment of  this  Science)  an  Occafion  of  Quarrels, 
Animofities  and  3roils  in  the  calm  and  peaceable 
Province  of  Geometry.  For  one  or  two  conve- 
nient Definitions  would  perhaps  have  eafily  quieted, 
decided,  and  taken  utterly  away  the  Strifes  between 
Clavius  and  Peletarius^  and  other  fkilftil  Geome- 
tricians, concerning  the  Angle  of  Contact^  (which 
were  encreafed  by  angry  Minds  and  conmmdious 
Words)  if  the  Definitions  of  Equality  and  Angle 
had  but  been  rightly  conftituted,  and  the  Ambi- 
guity of  thefe  Words  taken  away.  It  is  therefore 
expedient  to  lay  down  fome  Definition  of  Equality  \ 
let  this  be  holdcn  in  the  firft  Place. 

Moreover  feconJly,  bccaufc  as  I  have  faid  often 

heretofore,    and  am  fully  perfuaded,   that  every 
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Definition  ought  to  be  fought  from  fome  poflible 
Suppofition  depending  upon  manifeft  Experience^ 
and  fince  if  we  attentively  weigh  and  examine 
whatfoever  is  of  kin  to  this  Bufinefs,  I  believe  no 
Hypothefis  will  offer  itfelf  more  accommodate  for 
founding  the  Definition  of  Equality  on,  than  this 
of  the  poffible  Congruence  of  Magnitudes  :  there- 
fore this  ought  by  all  means  to  be  embraced  and 
acknowledged.  That  no  one  more  accommodate 
does  offer  itfelf,  will  evidently  appear  to  any 
attentive  Perfon  by  manifeft  Tokens.  For  no 
Hypothefis  is  more  frequendy  obferved,  expofed 
to  the  Senfes,  bchekJ  with  the  Eyes,  and  touched 
with  the  Hands ;  none  is  underftood  more  clearly, 
or  fuppofed  more  poffible.  And  when  the  Que- 
ftion  is  about  the  Equality  or  Inequality  of  Things, 
the  Contention  is  always  determined  by  appealing 
to  Congruiiy.  Which  is  a  fufficient  Sign  that  this 
Notion  of  Equality  moft  aptly  agrees  with  the 
common  Concepdons  of  Men  -,  and  that  when 
Men  fay  two  Magnitudes  are  equal,  nothing  is 
underftood  but  that  by  their  Application  to  one 
another  they  are  congruous  between  themfelves, 
or  at  leaft  do  fill  up  the  Capacity,  of  the  fame 
Space. 

And  I  will  yet  confirm  this  by  an  Experiment 
very  familiar  to  me.  I  have  often  been  afked  by 
fuch  as  were  unaccuftomed  with  Geometry,  What 
that  femous  Problem  meant  or  did  fignify  about 
the  ^adrature  of  the  Circle  ?  The  Anfwer  was 
ready,  that  it  was  to  find  a  reftilineal  quadrilateral 
Plane  redtangular  and  equilateral,  whofe  Area  or 
Space  included  within  the  linear  Perimeter  may  be 
moft  accurately  equal  to  the  propofed  Circle,  1.  e. 
to  the  Plane  Area  which  is  circumfcribed  by  the 
circular  Periphery.  But  they  then  were  wont  to 
infift  upon  what  is  meant  by  this  Equality.  For 
how,  fay  they,  can  a   round  circular  Space  be 
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equal  to  an  angular  Space,  when  they  cannoc  be 
longruous  and  adequate  to  one  another?  This 
Doubt  (which  fufficiendy  intimates  that  moft  Men 
do  underftand  nothing  bj  Emality  but  the  Cmh- 
jpitity  of  Magnitudes  iifelf;  will  be  eafily  removed, 
if  we  fuppofe  the  laid  quadrilateral  Figure  (as  if 
it  confift  of  Wax,  or  c^  any  other  Matter,  loft 
ajid  peric6Uy  flexible)  by  the  Inflexion,  Tranfpo- 
ikion  or  Compreflicxi  of  certain  Parts  to  be  Ibme 
how  transformed  into  a  circular  Figure,  and  dien 
bein^  applied  to  die  Circle  is  exadtly  congruous  to 
it ;  in  which  Cafe,  I  lay,  thele  Figures  do  become 
equal,  and  the  ^adrature  is  perfc»-med  which 
we  Ibught  with  fo  mudi  Study.  To  this  Anfwer, 
which  is  purpofely  adapted  to  Men's  preconceived 
Nodons,  thev  immediately  acquielcc;  fromwheiKe 
it  is  fufficiently  apparent  that  by  Equality  is  undcr- 
ftood  nothing  elfe  but  a  poffible  Congrutty. 

To  this  thirdly  may  be  added  tjmt  which  (eems 
to  me  the  moft  conclufive  Ailment  of  all,  which 
is  as  follows :  Equality  is  moft  appofitcly  defined 
from  that  Property,  upon  which  all  the  Theorems 
about  the  Equality  of  Magnitudes  do  depend,  from 
which  they  are  deduced,  and  to  which  they  are 
ultimately  referred  ;  from  whence  confcquently  the 
remaining  AfFeftions  of  equal  Magnitudes,  as  fuch, 
arc  derived  :  But  all  the  Things  demonftrated 
about  the  Equality  of  Magnimdcs  do  depend  upon 
Congruity^  are  either  mediately  or  immediately 
deduced  from  it,  and  demonftrated  by  it,  and 
laftly  are  ultimately  refolved  into  it.  Therefore 
Equality  is  moft  appofitely  defined  by  it.  The 
Truth  of  the  major  Propofition  of  this  Syllogifm 
is  fufficiendy  clear  from  the  Nature  of  a  Defini- 
tion, whofe  Office  it  is  to  exhibit  fome  primary 
AfFeftion,  from  whence,  as  from  a  formal  Caufe, 
the  remaining  Propenies  of  the  Thing  defined  are 
inferred  by  a  lawfiil  Difcurfqs.    Therefore  if  equal 

Magnitudes 
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Magnitudes  be  defined  to  be  fuch  as  are  capable 
of  being  precifely  congruous  to  one  another,  and 
their  Afiedions  of  being  demonftrated  from  this 
cxprefled  Aflfeftion  of  equal  Magnitudes  as  fuch  ^ 
it  will  be  fufficiently  apmrent,  diat  the  Definidcm 
from  thence  is  lawful.  But  things  are  thus,  and 
the  Minor  is  equally  true.  For  in  fadt  whatfoever 
is  demonftrated  about  the  Equality  of  Things  in 
the  Elements,  and  confequendy  every  where  elfe 
in  the  Mathematics,  depends  upon  this  Axiom, 
That  the  Things  which  are  congruous  are  equals  as 
was  fhewn  in  the  Beginning  of  this  Ledurc,  and 
will  peiiiaps  be  hereafter  (hewn  more  clearly. 
Confequently  they,  who  receive  this  Axiom  as  put 
for  the  Ddinition  of  Equality^  feem  to  do  very 
rightly  ;  to  whom  (befides  the  abovementioned 
jlpollonius  and  Hobbs^  I  may  add  the  learned  Bo- 
rellus  ;  For^  fays  {q)  he,  //  no  Name  were  yet 
impofed  for  Equality ^  it  might  be  /aid  that  thofe 
Things  which  are  mutually  congruous  may  be  called 
Equals^  and  this  would  be  a  Definition^  not  an 
Axiom  -,  therefore  he  thinks  this  Axiom  to  differ 
no  otherwife  from  the  Definition  of  Equality ^  than 
in  the  manner  of  exprefling  it,  and  grants  that  it 
may  be  eafily  changed  into  a  Definition.  But  I 
do  not  entirely  agree  with  this  moft  learned  Man's 
Infinuation,  that  it  becomes  rather  an  Axiom 
than  a  Definition,  becaufc  of  the  Name  of  Equa- 
lity being  firft  impofed  and  vulgarly  received.  For 
though  the  Names  of  fome  Kind  of  Things,  viz. 
of  a  Triangle,  or  a  Circle,  be  received  and  com- 
monly ufed,  yet,  it  is  requifite  for  thofe  Names  to 
be  defined,  to  prevent  confiifed  Notions  concern- 
injg  thofe  Things  and  Words.  For  the  Vulgar  di- 
ftinguifh  not,  but  frequently  keep  the  Ideas  an- 
fwering  to  the  accuftomed  Names  very  confufcd 

(f)  Eud.  Reftit.  p.  1 6. 
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and  inadequate ;  whereas  the  Genus  and  Reafon 
of  Sciences  require  very  difkin&  and  adequate  Con- 
ceptions ;  and  confequently  Teachers  of  Sciences 
ought  to  define  the  moft  received  Names  of  Things, 
and  clear  the  Signification  of  Words  from  vulgar 
Confiifion  ;  efpecially  of  fuch  Things  as  are  not 
obvious  to  the  Senfes  and  leave  not  clear  Ideas  of 
themfelves  upon  the  Mind.  Though  the  Name  of 
Equality  is  no  otherwife  received  than  as  it  de- 
^ns  what  b  exprefled  in  "the  iaid  Axiom,  viz. 
nat  Magnitudes^  wUcb  are /aid  to  be  equals  are 
eongruaus  to  one  another.  Therefore  that  Axiom 
contains  a  Definition  of  Equality  molt  agreeable  to 
the  Ideas  of  the  Vulgar. 

To  thefe  Things  it  may  be  adjoined  fourlbfyy 
that  our  Adverfaries  are  able  to  devife  no  Notions 
of  Equality  more  fit,  nor,  by  excluding  this  No- 
tion, can  aptly  interpret  what  they  mean  or  di- 
ftinftly  underftand  by  Equality.  The  Antagonift 
of  Hobbs  reminds  him  of  his  two  other  Defcrip- 
rions  which  he  thinks  to  be  more  appofite  than 
that  taken  from  Congruity.  He  demands  of  Hobbs^ 
Why  he  could  not  at  the  fame  time,  and  in  the 
lame  Words  have  faid,  ^at  is  equal  to  another^ 
which  isjufi  as  much  as  it f elf  -,  or  tbofe  Things  are 
equal  whofe  S^uantity  is  the  fame  -,  or  if  neither  of 
thefe  pleapy  to  have  invented  another  Definition? 
To  which  Words  it  may  be  anfwered  in  the  firft 
Place :  It  is  probable,  that  moft  acute  Man  was 
not  able  to  invent  a  Definition  more  accurate  than 
thefe  two  which  he  brings  -,  for  if  others  had  oc- 
curred it  is  likely  he  had  not  omitted  them.  But 
thefe  two  do  cither  fcem  to  fignify  nothing  at  all, 
or  to  refult  into  Congruity.  I  do  not  indeed  diflike, 
but  willingly  embrace,  that  Definition,  which 
feems  to  be  borrowed  fi-om  (r)  yiriflotle^  that  tbofe 

(r)  Met,  IV.  1 6. 
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?ib(;»^i  art  equals  wbofe  ^antity  is  the  fame^  if 
by  it  is  denoted  not  an  a£hial,  but  a  pofTible  Iden- 
tity of  Quantity,  as  it  ought  to  be  underftood,  left 
the  Propofition  be  convinced  of  manifeft  Falfity  by 
attributing  the  fame  Quantity   to  equal  Things, 
i.  e.  to  Things  a£hially  different.     I  fay,  I  find 
no  Fault  widi  this  Definition  fo  underftood  \  but  I 
a(k  how  the  Quantities  of  two  Things  can  become 
the   fame  otherwife  than  by  Congruity  •,  i.  e.  ex-  ^ 
cept  they  coincide  or  are  as  it  were  co-united  to-  " 
gether  fome  of  the  above  expounded  Ways,  viz. 
by  Application^  Menial  Penetration^  or  the  Inter^ 
vention  of  fome  mean  Space  ?    For  indeed  I   can 
hardly  fee  or  conceive  how  the  Quantities  of  two 
Things  which  are  really  diftinft  from  one  another 
can  poflibly  be  the  fame.    But  as  to  the  other  De- 
finition, viz.  that  is  equal  to  another  which  is  jufi 
as  much  as  itfelf  \  firft  I  oppofe  to  it  that  logical 
Law  prefcribcd  by  (s)  Ariftotle  with  the  higheft 
Reafon.     Since  a  Definition  is  delivered  for  the  fake 
of  declaring  a  ^hing^  and  we  do  not  declare  from 
Things   taken  unadvifedly^    hut  from  fuch  as   are 
prior  and  more   manifeft  \  from  hence  it   appears,^ 
that  he  who  defines   not  from  fuch  'Things^  defines 
not  at  alL     I  fay,    I  objeft  diis  moft  juft  Law 
againft  the  above-cited  Definition  ;  for  who  does 
not,  with  as  equal    Eafe  conceive   what  is  equal 
to  another^  as  what  is  as  much  as  itfelf?   But  per- 
liaps  to  one  who  more  thoroughly  confiders  it, 
the  Word  as  much  will  be  found  to  fignify  nothing 
elfe  but  as  much  the  fame^   or,    whofe  ^antity 
is  the  fame  \    and  confequently   this  Defcription, 
if  rightly  underftood  and  explained,   will  differ 
nothing  from  the  foregoing  one,  but  will  the  fame 
Way  fall   in  widi  our  Hypothefis  of  Congruity. 
Confequendy  our  Adverfaries  are  unwarily  forced 

(s)  Top.  VI.  4r 

to 
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to  eftablilh  our  Opinkn  Hrhife.they  are  ftudying 
to  overthrow  it ;  and  do  fiiffidenrly  betiay  difaoa- 
felves,  that  in  reality  they  hardly  differ  ai  til  frcMn 
us,  as  they  moft  gladly  would, 

Laftly,  I  omit,  that  EmcUd  is  atpn&j  £ud  td^ 
have  defined  equal  Ma^mtudes  to  be  tbofe  wbicb 
fiU  the  fame  Place  in  a  Book^  which  I  never  &w 
concerning  Gr^/jr  Vni  Letnty.  My  Author  i» 
Ramus.  But  a  greater  Lig^  will  accrue  tt>  this 
(/)  Caule  (greater,  I  (ay,  td  the  Natme  of  bodi 
CongruUy  and  Epiotth)  from  a  Difiniflion  of  Aoh 
Arguments,  which  I  deny  not  to  he  in  Appear- 
ance fuf&cicndy  valid,  duit  are  produced  on  the 
contrary  Rut  by  Proclus^  and  the  above-mendoned 
moft  learned  Man  ;  whxrb  1  abftain  fixxn^  far  tfaflf 
preient,  left  I  (hould  be  too  prolixw 


LECTURE    XII. 

An  Examination  of  the  ObjeSiions  brought  by 
Proclus,  &c. 

OF  the  more  common  AfFedlions  and  Proper- 
ties of  Magnitudes,  which  occur  to  Obfer- 
vadon  and  introduce  Mathematical  Hypothefes, 
the  laft  that  offered  itfelf  was  Ccngruity  ;  from  the 
Suppofition  of  which,  we  have  in  Part  declared  in 
the  preceding  Le6hirc,  that  the  Equality  of  Mag- 
nitudes refults  and  is  apdy  defined  by  it.  Which 
Dodtrine  notwithftanding  Proclus  and  Hobhfs  ce- 
lebrated Antagonift  in  his  Confutation  of  the  Hob- 
bian  Geometry  do  ftrenuoufly  oppofe,  as  they 
think,  with  invincible  Arguments.      It  now  re- 

(t)  Schol.  Math.  VII.  p.  163. 
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mains  and  is  incmnbcnc  upon  us  to  weigh  the 
Efficacy  of  the  Things  objected  in  the  Balance  of 
R^on,  and  fee  whether  the  War  be  ended,  and 
they  have  obtained  a  Viftory  as  compleat  as  they 
imagine.  Which  we  undertake  to  examine  the 
more  readily,  becaufe  there  will  arife  no  fmall 
Light  to  thefe  Things  from  thefc  Conflifts  of 
contrary  Sentiments  and  Reafonings.  Certain 
Sparks  of  Tmth,  by  no  means  to  be  flighted, 
feem  capable  of  being  flruck  forth  ;  and  yet  I 
will  not  trouble  myfelf  very  much  with  removing 
every  litde  Cavil,  but  will  more  diligently  exa- 
mine the  Arguments  which  by  a  candid  Accep- 
tation do  feem  to  approach  nearer  the  Bufinefs, 
and  to  contain  in  them  fomething  of  more  weighty 
Moment,  being  mindful  of  Arijlotle^s  Divine  Pre- 
cept, («)  That  Things  will  be  more  credited  if  the 
Arguments  on  both  Sides  befirjl  beard.  For  it  does 
not  become  us  to  give  Sentence  without  bearing  the 
Caufcj  or  condemn  any  Side  unheard.  They  who 
are  willing  to  judge  well  of  the  Truth  ought  not  to 
be  AdverfarieSy  but  Arbitrators.  I  will  therefore, 
as  far  as  I  am  able,  propofe  fuch  Arguments  from 
them  as  are  moft  nervous. 

They  pretend  then  firft^  that  the  fame  univocal 
common  Reafon,  and  general  Notion  of  Equality 
ought  to  be  affigned  for  all  thofe  Things  to  which 
Equality  is  truly  attributed  and  juftly  agrees.  But 
Equality  is  with  the  fame  Reafon  and  like  Pro- 
priety of  Speech  wont  to  be  attributed  and  truly 
to  agree,  not  only  with  Magnitudes  {viz.  whiclv 
have  this  peculiar  Congruity  we  are  contend- 
ing for)  but  alfo  with  all  homogeneous  Quanti- 
ties, which  are  fit  to  be  compared  together,  {viz^ 
Motions,  Times,  Velocities,  Weights,  Numbers, 
^c.)  though  Congruity  do  by  no  means  fquare  with 

(u)  Dc  Qjrio  I.  10. 
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them.  Equality^  fays  Proclusj  agrees  with  all 
^amities  in  common  Continued  and  Difcrete  :  And 
the  other  Adverfary,  Is  not  the  Notion  of  Equality 
the  fame  in  all  thefe^  ay  and  in  all  other  Things  as 
many  as  are  capable  of  Equality  or  Inequality? 
(v)  Whereby  he  makes,  that,  about  vdiatibever 
Equality  they  are  converiant,  the  Axioms  laid 
down  in  the  Elements  of  Geometry  both  are  and 
lawfully  may  be  accommodated  to  all  Quantities 
indifferently  -,  from  whence  they  arc  ftiled  common 
Axiofns.  Each  of  thefe^  fays  Proclus  agiin,  is  not 
only  truly  fpoke  of  Magnitudes  but  of  NumberSy 
Motions,  and  Times.  And  Ariftotle  himielf  fpeaks 
to  the  fame  Purpofe,  //  is  Cfays  (x)  he,  bringing 
an  Example  of  a  common  Principle)  common  to 
all  ^antities  that  where  equal  Things  are  taken 
a'way,  the  Remainders  are  equal.  Therefore,  fay 
they,  the  Reafon  of  Equality  is  unadvifedly  taken 
from  Conp'uity,  becaufe  it  is  proper  to  Magnitudes 
alone,  and  agrees  not  with  other  Quantities,  and 
confequently  is  no  where  coextcnded  with  Equalityy 
but  confined  within  much  ftrifter  Bounds.  For 
from  the  jufteft  Prefcript  of  Logic,  the  Thing  de- 
fined ought  to  be  exaiJly  coequal  and  convertible  with 
the  Attribute  by  which  it  is  defined. 

To  this  primary  Exception,  that  it  may  be  fuf- 
ficiendy  apparent  to  fome  who  urge  us  preffing- 
ly,  I  anfwer  briefly,  in  the  firft  Place,  that  the 
Equality  of  Magnitudes  only  is  here  properly  and 

Erincipally  defined.  Secondly,  that  it  may  be 
LwfuUy  and  rationally  defined  alone  by  itfelf. 
Thirdly,  that  this  Definition  CI  mean  the  Defini- 
tion fetched  from  Congruity)  may  be  fiilly  adapted 
to  all  Quantities  its  own  Way.  Fourthly  and 
Laftly,  that  it  is  neceflary,  at  leafl  lawful,  for  the 
lake  of  greater  Perfpicuity  and  Security,  that  the 

(v)  Blench,  p.  lo.  (x)  Met.  XI.  4. 
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Equalities  of  other  Quantities  be  defined  feparatc- 
ly.  By  the  more  diftinft  Explanation  of  which 
Particulars,  and  the  different  Approbation  of  equal 
Judges  of  the  Bufinefs,  I  imagine  the  Objedion 
brought  will  be  compleady  anfwered. 

As  to  the  firft  Point,  there  is  no  Controveriy 
about  it ;  for  our  Adverfaries  deny  not  that  Mag- 
nitudes only  are  efpecially  capable  of  Congruity^ 
but  they  rather  place  the  Force  of  the  Argument 
in  it ;  and  it  is  apparent  enough  of  itfelf,  fmce 
to  fill  Place,  to  occupy  Space,  to  touch,  be  ap- 
plied, or  in  fome  Sort  penetrate  one  another  is  an 
Attribute  proper  and  peculiar  to  Magnitudes. 
Therefore  this  Definition,  if  it  be  a  Definition, 
does  properly  agree  and  fquare  with  thefe  only. 

But  fecondly^  I  fay  the  Equality  of  Magnitudes 
is  properly  defined  by  itfelf  alone.  For  fincc 
Quanrity,  and  the  confequent  or  concomitant  Af- 
fcftions  of  Quantity,  (viz.  Extenfion^  'Termination^ 
Compofttion^Divifton^  Menfuration^  &c.)  do  pri- 
nurily  and  properly  agree  with  Magnitudes  •,  why 
may  not  Equality  primarily  agree  with  them  too» 
and  confequently  be  properly  defined  in  relbedt 
to  them  ?  The  Philotopher  teaches  that  the  I)efi- 
nition  of  a  Genus  does  primarily  and  properly  agree 
with  the  principal  Species  of  thofc  which  are  un- 
equally attributed  to  it,  and  with  the  reft  fecon- 
darily,  confccutively  and  by  fimilitude.  ^e  Rea- 
fonj  lays  (y)  he,  of  a  Thing  agrees  with  all  its  infe- 
riour  Species  j  though  not  the  fame  Way^  hut  to  thefe 
primarily y  to  thefe  confecutively.  A  Definition,  ta- 
ken fimply,  agrees  properly  with  its  firft  Genus^ 
thercfcMic  a  Definition  ought  to  be  made  in  rcfpe6t 
of  that.  But  arc  not  the  Values  and  Eftimations 
of  all  other  Quantities  not  only  known  but  alio 
named  and  denominated  with  Refpeft  to  Magni* 

0)  Met.  VII.  4* 

P  t»^«^ 


i2io         Mdtbemalical  Leffum.    Lsct.XIL 

tddes?  Do  not  the  voy  Words  tfaemlelves  of  Greater 
and  Leffer,  Whole  ud  Part^  Fmte  and  Infimte^ 
Continued  and  DUcrete^  ExUnded  and  CmOraffed^ 
Proportion  and  Dij^roporium^  and  fiidi  othen» 
whKJi  are  fo  often  afoibed  to  other  Quanddes, 
draw  their  Origin  no  ipdiere  dfe  than  fixMn  Mag- 
nitudes,  and  arc  iecondarilv  tnmsferred  from  tfaefe 
to  other  Quandtks  ?  And  that  not  contiragendy 
and  undefervedly,  but  neceflarily  and  ymat  the 
higheft  Reafbn.  For  certainly  odier  Thingi  acd- 
demally  fubjeft  to  a  mathematical  Cmfideradon 
have  meir  Dq^roes,  their  Intenfions  and  Rmiif- 
fions,  but  can  no  wajr  be  comprehended  or  cx- 
pref&d,  but  by  nuking  a  Cbmparifon  d[  die 
Magnitudes,  (in  which  mey  are,  upon  whidi  they 
aft,  which  they  prodncie,  or  about  which  they  are 
feme  Way  converlant)  and  by  applj^ing  Words 
borrowed  from  the  Attributes  of  Magnitudes.  Ex. 
gr.  How  can  the  Weight  or  Momentum  of  a  gra- 
vitating Thing  be  conceived,  or  why  is  it  called  fi 
mucby  fo  great  J  or  fo  lit  lie  j  but  as  it  is  in  fo  great 
a  Body,  or  is  capable  to  lift  fo  great  a  Body,  or 
fuftain  fo  great  a  Magnitude  ?  How  can  it  be  un- 
derftood  to  be  Vivtfihle  or  a  Wbole^  bwjt  as  the 
Body  to  which  it  inheres,  or  which  it  rclpedts,  has 
its  particular  Parts  endowed  with  liich  a  Virtue, 
or  anlwering  to  fuch  a  Power  ?  From  whence  is  the 
Title  oi  finite  obtained,  but  either  from  the  Terms  of 
the  Magnitude  to  which  it  belongs,  or  atleaftfrom 
the  Bounds  of  the  Body  extended  which  it  can 
raife  or  fuftain  ?  In  like  manner  it  may  be  predi- 
cated Commenfurable  and  Incommenfiirdbk^  becauie 
cither  its  Subjeft  or  Objeft  is  found  to  be  afiedted 
with  Proportion  or  Difproportion  to  other  Magni- 
tudes in  like  manner  endowed  with  Weight,  with 
which  it  is  compared.  So  alfo  Motion  is  accounted 
Jo  mucbj  (long,  Jhort,  great,  little,  eidier  abfo- 
lutcly  or  comparatively;  from  the  Magnitude  of 

SpaoQ 
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Sfiaoe  gone  through,  fo  terminated  from  the  Li- 
mits of  the  Space  fo  far  as  it  is  esctended,  Menjk^ 
raUe  fix)m  its  Dimenfions,  a  Whole  fh>m  its  Com- 
pofidons,  and  Diviftble  from  its  Divifibiiicy.    And 
die  iamc  Way  (for  I  fometimes  do  purpofely  heap 
up  more  Examples  than  are  requifite  for  illuftrating 
the  Thing  propS^fed,  having  a  View  to  the  Ufefiil- 
ncfe  of  Things  lefs  common,  that  I  may  thereby 
gradually  inftil  fome  (2)  Guft  preparatory  to  the 
Mathematics    in  general,   and  inunuate  Notions 
which  may  be  hereafter  profitable  for  fomething) 
I  lay,  the  lame  way  is  Ttme  conceived  and  deno- 
minated from  the  Magnitude  of  the  Space   run 
through  by  fome  Body  determinately  moveable, 
as  the  Sun  or  Moon,  and  it  alfo  borrows  from  them 
its  ^ermSy  Extenfiorty  Proportion  and  other  AffeEtionSy 
with  reipeA  to  the  Magnitude  of  the  lame  which  it 
obtains.     Alfo  Velocity  is  computed  from  the  Mag- 
nitude of  the  Space  run  through  (not  indeed  abfo- 
lutely,   but  comparatively,    from  the  Magnitude 
of  the  Space  pafled  over  by  another  Body  deter- 
minately moveable,  viz.  the  Sun  or  Moon ;  f.  e. 
from  the  Magnitude  of  Space  gone  through  in  fo 
much  Time)  and  is  limited^  compounded^  divided^ 
meafuredy    and  every  way  compared  by  a  like 
Rektion  to  the  Magnitude  of  the  Space ;  nor  can 
it  be  fcarce  any  other  Way  eftimated.    As  to 
Numbers^  it  has  been  abundantly  ihewn,  that  they 
are  no  otherwife  Partakers  of  Quantity  and  Pro- 
portion than  as  they  are  Symbols  defignmg  Mag- 
nitudes.    Nor  am  I  entirely  by  myfelf,  and  de- 
ftitute  of  all  Authority,  when  I  affirm  thofe  Things 
(though  oftentimes  the  Queftion  and  Subjeft  I  un- 
dertake are  diftinftly  explained  by   none  that  I 
know  of,  having  fcarce  any  Guide  or  Companion 
to  take    off  the  Troublefomenels  of  my  Paflage 
through  thofe  rugged  Paths ;   fo  that  I  am  the 
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inore  pardonable  if  I  feem  focnedmes  to  ftumUe 
or  proceed  with  IXfficuk^)  however  I  feem  to 
have  die  chief  of  die  Phdofophers  agreeing  wUi 
me  in  this  Biifinels,  whofe  Words  are  fufBciendy 
for  our  Purpofe.  Since^  £iys  (a)  he,  fobal^bever  is 
mwed  from  rnie  Term  goes  forward  to  fame  mbir 
ferm^  and  every  M(^^miude  is  eonthmms^  tberefate 
Motion  is  fo  far  the  Confequent  tf  M^mtude.  For 
Motion  is  continuous  by  reafon  ojt  the  CMtinmiiy  ejf 
Magnitude^  and  becattfe  of  Motion  Time  b  «^ 
iontinuous.  For  bow  mucbfoever  a  MeHom  isj  fe 
tniicb  Time  does  alfo  feem  tobave  paffed  :  Bui  Pruh 
tity  and  Pojleriority  are  originally  in  Space  from  tbe 
different  Pofttion  of  its  Parts ;  Md  fince  an  Order  of 
Parts  is  in  Magnitude^  the  fame  will  be  alfo  afNi- 
eejftty  in  the  Motion  wbicb  analogically  anfwers  it ; 
tnoreover  a  Priority  and  Pojleriority  is  aljb  found  in 
time  J  becaufe  one  of  thcfe  is  always  confequent  to  tbe 
other  {viz.  as  to  the  AfFeftions  and  Attributes  of 
this  Sort^.  Thus  he  clearly  aflerts  the  Continuity 
of  Motion  and  Time,  as  well  as  die  Quantity  of 
Magnitude  to  be  Confequents  of  the  fame  Claflis. 
Again,  clfewhere.  Motion^  fays  ( > )  he,  follows 
Magnitude^  and  Time  Motion  as  tbefe  are  S(uanti^ 
ties  and  continued  and  divifhle.  For  becaufe  Mag- 
tiitude  isfucby  therefore  Motion  isfo  affeBed^  and  by 
reafon  of  Motion^  Time.  Thus  the  Philofopher  in 
his  Phyfics,  fo  that  he  could  have  fcarce  pro- 
nounced any  thing  more  appofitely,  plainly,  or 
fully  to  our  Purpofe  -,  except  perhaps  what  he  de- 
livers in  his  Metaphyjics  be  moreexprefs  than  theft, 
and  may  tend  more  to  ftrengthen  and  illuftrate  our 
Opinion.  For  thus  he  fpeaks  concerning  Motion 
and  Time,  {c)  Motion  and  Time  are  fome  Way 
(aid  to  be  ^antities  and  Continuities^  becaufe  the 
Things  whofe  AffeSlions  they  are  {or  to  wbicb  they 
belong)  are  capable  of  Divi/ion.  I  mean  not  the 
(a) Phyf.  IV.  86.        [h)  lb.  IV.  i8.        (c)\bx.  IV.  13. 
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mug  iifelf  fobicb  is  movedy  but  that  along  which  it 
is  moved  (i.  c*  the  Space  gone  through).     For  becaufe 
that  is  a  ^uofUUyy  Motion  is  alfo  a  ^antity^  and 
lime  becaufe  of  tins.    Thus  does  jlriftotle  give  us 
his  Sufiroge  and  Authority.     It  is  therefore  jufl: 
fince  other  Quancilies  refer  their  Quantity,  and  A& 
feftions  connected  with  Quantity,  to  Magnitude  (ac 
leaft  its  Knowledge  and  Comprehenfion)  that  aUb 
the  EfuaUty  of  the  fame  (i.  e.  the  Idendty  and 
Cbalition  of  their  Quantity)  be  taken  finom  the 
Equality  of  Magnitude  ;   and  as  they  are  Quan-^ 
tiacft  hf  Analogy  and  Secondarily ^  fo  in  like  man* 
ner  to  obtain  an  analcgic^  and  borroiwed  Equalitv. 
Which  will  fff,  more  manifeftly  appear  not  to  be 
difieretit  to  the  Truth,  to  him  that  examines  the 
Thing  more  dofely  and  indmately,  and  confulcs 
the  common  Senfe  and  Confent  of  Mankind.    For 
ex.  ^.  if  it  be  enquired  of  any  Mortal  (whether 
PhOiofopher  or  one  of  the  Vulgar)  what  he  means 
by  ikying  Two  Times  are  equals  I  imagine  he  will 
return  prefently,  and  without  Hefitadon,  that  he 
ifieans  two  eqml  Spaces  run  through  by  the  fame 
Body  uniformly  moved  (as  two  equal  Parts  of  the 
Sun*s  diiunal  or  annual  Revolunon)  or  by  different 
Bodies  carried  by  an  equal  Velocity.    If  what  he 
fignifies  by  the  Equality  of  two  fVeigbts ;  he  will  fay 
ttet  the  extreme  Force  of  this  is  capable  to  elevate  or 
fufbun  a  Magnitude  equal  to  another  Magnitude  of 
the  fame  Species,  which  the  extreme  Force  of  another 
18  capable  to  elevate  or  fuftain :  nor  will  they  deter- 
mine otherwife  who  are  confulted  about  the  Equalitjf 
of  Muionsy  Velocjiiesj  and  all  other  Quantities  what- 
foever,  always  sUledgmg  the  Equdity  of  certain 
Ai&ignitudes  in  ralbedt  of  which  the  faid  Quanti-< 
ties  are  conftitu^   and  denominated  equal.    So 
dm  we  can  fcarce  diftinguifh  or  totally  abftra& 
die  Equality  of  oUhfX  Things  from  the  Equality  of 
Mapntude  even  in  Thought,  fcarce  by  excluding 
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itcanapprehend  that  they  are  equal,  thinl^^or  ez- 
preis  how  they  are  equal,  or  difiJn£Uy  toiiceive 
what  Equality  itfelf  is.  Since  therefore  every  odier 
Equality  does  inwardly  include  and  fignify  that,  as  by 
Nature  prior  and  principal  to  itfelf,  conftitudve  and 
definidve  of  itfelf,  tnerefore  other  C^iandties  are  only 
equal  fecondarily  and  lefs  principally,  dependendy 
and  confecutively,  derivatively  and  by  participa- 
tion, by  habitude  or  analogy.  Whence  that  the 
Apprehenfion  may  be  inore  clear,  the  Judgment 
more  certain  concerning  other  Equalities^  it  is  firft 
necefiary  to  know  and  diftinftl^  appidiend  what 
the  Equality  of  Magnitudes  ^mfies  and  wherein  it 
confifts,  and  confequently  that  of  rigjht  it  oufiiit  to 
be  firft  deHned  by  itfelf.  Which  was  the  fecond 
Thing  we  undertook  to  explain  and  prove. 

But,  moreover,  thirdly  \  0\xr  Congruity  does  2\(o 
agree  with  all  Quantities  whatfoever,  as  they  are 
any  Way  terminated^  extended^  compounded^  divided^ 
tneafuredj  or  admit  other  AflfedUons  of  Magni- 
tudes (as  has  already  been  fufficiendy  fliewn),  and 
efpecially  by  means  of  the  Congruity  of  the  Mag- 
nitudes in  which  they  are,  and  which  they  refpeft. 
Ex.  gr.  It  may  be  conceived  that  two  moveable 
Points  (or  two  any  odier  moveable  Things  equal 
and  funilar)  are  carried  with  an  equal  Velocity 
along  two  Right  Lines,  or  two  Peripheries  of 
equal  Circles  :  it  may  be  alio  underftood  that  thofe 
Lines  or  Peripherics,  as  capable  of  Congruity^  are 
applied  to  one  another,  fo  that  the  faid  Points  or 
moveable  Things  are  put  upon  one  another,  and 
confequendy  are  congruous,  as  well  in  the  B^in- 
ning  as  in  the  Progrel's  of  their  Modon,  by  reafon 
of  their  fuppofed  equal  Celerity  or  Velocity  ; 
therefore  from  the  perpetual  Congruity  of  the  move- 
able Things  and  Coincidence  of  their  Orbits,  it  is 
no  way  difficult  to  conceive  that  the  Modons 
^mfclves  are  congruous,    united)  ami  coalefce  i 
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and  confequendy  that  they  have  the  fame  Quantity^ 
or  are  eaual  to  one  anodier.  In  like  manner,  in 
the  Courie  of  any  Body  (fuppofc  of  the  Sun  or  the 
Earth),  the  Quantity  of  whofe  Time  is  determined 
by  an  ecjuable  Motion,  if  two  Points  or  Terms 
be  conceived  to  be  aflumed  by  which  the  Begin- 
nings of  the  Motions  run  through,  and  confequent- 
ly  of  Times,  may  be  computed  ;  and  thcfe  Terms 
are  conceivai  to  be  apphed  one  upon  another, 
as  was  juft  now  fhewn,  fo  that  thence  the  two 
Motions  banning  from  them  may  be  congruous^ 
then  the  Times  themfelves  will  be  confluent,  and 

?l1s  (HI  together.  And  if  the  Beginnings  of  two 
ears  be  conceived  as  conjoined,  it  will  be  eafy 
to  imagine  them  to  exiit  together  as  proceeding 
with  an  equal  Tenour,  and  as  it  were  penetrate  one^ 
another,  and  pais  into  one.  Which  is  all  one  as 
if  you  fhould  fay,  if  two  equal  Things  begin  toge* 
ther,  they  will  end  together.  Whence  it  will  be  law- 
ful alfo  to  judge,  what  Way  one  Time  can  be  really 
congruous  with  another  Time  :  fince  Time  is  beft 
meafurcd  and  determined  by  the  equable  circular 
Motion,  often  repeated,  of  the  lame  moft  noble 
and  conflandy  nwveabk  Thing,  as  (d)  Arijlotle 
obferves ;  An  uniform  circular  Motion  is  the  bejt 
Meafure^  hecaufe  its  Number  is  moft  known.  For  a 
Circle  being  meafured  fo  often  by  the  periodical 
Revolution  of  the  fame  moveable  Thing  does  al- 
ways continue  one  and  the  fame :  Hence  by  means 
of  it  Motion  and  Ttme  (their  Parts  ftill  beginning 
and  ending  in  the  fame  Point  of  the  Periphery)  are 
as  it  were  united  together  and  identified,  and  con- 
fequendy are  moft  perfedly  congruous.  Wherefore 
the  Year  comes  back  upon  itfelf.  Months  and 
Days  return.  Ages  are  renewed,  the  Places  and 
Periods  of  Seafons  are  reftored  \  and  to  ufe  that 

(d)  Phyf.  IV.  14. 
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trite  Saying  ctf  the  Vul^r,  Time  iifelf  feems  to  be 
a  Circle^  by  reafon  of  the  circular  and  often  re- 
peated Motion  which  determines  k.  jis  me  and 
the  fame  Motion  ("iays  the  {e)  Philofbpher)  may  he 
performed  again  and  ogtAn^  fo  may  one  and  the  fame 
Sime^  as  a  Year^  the  Springs  or  Autumn.  But 
we  have  not  Leifure  to  fpend  any  more  Word$con- 
^ceming  Time.  And  the  fame  Reafon  holds  widi 
Velocities,  which  in  like  manner  by  means  of  die 
Cangruities  ot  the  Spaces  paffed  over  by  them,  are 
themielves  congruous,  and  confeguendy  may  be 
demonffa-ated  equal.  Moreover  it  two  heavy  Bo- 
dies of  the  fame  Species,  ex.gr.  two  equal  Spheres 
of  Water  or  Air,  be  fuppoted  congruous  by  die 
Mental  Penetration  already  exphined  ;  at  the  fame 
rime  their  Gravities  or  Weights  will  coincide,  or 
become  congruous,  and  by  the  fame  Reafon  be 
apprehended  equal.  In  like  manner  Congruity  may 
be  fome  Way  attributed  to  equal  Reafons  or  Pro- 
portions  themfelves,  as  diey  all  coincide  and  become 
the  fame  with  fome  one  thing  expounded  by  Num^ 
bersj  Lines^  or  fome  other  ^iantities^  which  ex- 
pounded Reafon  has  a  certain  Refcmblance  of 
Space,  in  refpcdl  of  die  infinite  Reafons  it  may 
reprefent  and  exprefs,  as  it  were  receiving  them 
all  mto  and  uniting  diem  with  itfclf.  So  alfo  Num- 
bers may  be  congruous^  as  far  as  they  are  equal, 
viz.  by  die  Congruence  of  die  equal  Quanorics 
which   they  reprefent  and    denominate.      Confe- 

auendy  Quantities  of  every  Kind,  as  they  receive 
le  other  Properties  of  Magnitudes,  fo  do  they 
Congruity  after  their  own  Way,  /.  e.  analogically, 
confecudvely,  and  by  Paniciparion  from  the  Con- 
gruity  of  the  Magnitudes  by  which  dieir  Quan- 
tity is  determined :  and  confequently  the  Defimdon 
of  Equality  refuldng  from  the  Suppofiuon  of  Con- 

CO  Phyf.  IV.  iz. 
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gruity  is  not  at  all  difagreeable  to  them ;  nay  is  fo 
much  the  more  agreeable,  as  Equality  itfelf  is  agree- 
ably and  reafonably  affigned. 

But  I  proceed  to  the  fourth  Head  of  my  An- 
Iwcr,  viz.  That  it  is  neceflary,  or  at  leaft  lawful, 
to  define  or  explain  feparately  the  Equalities  of 
t)ther  Quantities,  viz.  from  the  refpeftive  Equality 
of  the  Magnitudes  in  which  they  are,  and  about 
"Which  they  arc  any  way  convermnt.  For  (is  wa» 
'before  infinuated)  the  common  Reafon  of  fuck 
things  as  are  unequally  attributed  (or  predicated) 
does  icem  to  require  that  the  Things  which  are 
primary  in  their  Genus,  and  coniequently  are  as 
Meafures  of  the  reft  be  defined  in  the  fiift  Plao^ 
by  themfelves,  fmce  the  reft  are  declared  of  Con- 
fequence  fix)m  a  peculiar  Relation  to^thoie  Aat  are 
prior  to  them.  Thus  again  the  Philofopher,  who 
was  moft  fenfible  of  thofe  Things  :  IVberefore  (t) 
it  is  firfi  of  all  to  be  ^fiiitguijhed  how  many  ways ' 
the  Particulars  are  predicated  of  thofe  Things  that 
are  unequally  attributed  (or  predicated)  and  then  to 
be  explained  bow  they  are  referred  to  that  which  is 
firfi  in  the  faid  Genus  (or  Predicament  -,)  for  it  is 
the  Property  of  fome  Things  to  havej  offome  to  affeS^ 
and  of  fome  to  be  other  fuch  ways  attributed.  Thus, 
fmce  Equality  agrees  with  more  Things  than  one, 
to  Magnitude  indeed  originally  and  principally, 
and  to  other  Quantities  (viz.  Motions,  Times,  Velo- 
cities, moving  Powers)  fecondarily  and  Ids  prin^ 
cipaUy\  therefore  the  Reafon  of  that  £}«^/f/y,  which 
agrees  with  Maj^nitudes,  is  firft  to  be  conftituted  ; 
then  it  is  to  be  explained  how  the  Equalities  of 
other  Quantities  are  referred  to  it,  and  confequendy 
diey  become  feparately  defined.  Ex.  gr.  equal  Vc* 
locides,  according  to  Ariflotle^  may  be  defined  to 
be  thofe  whereby  the  fame  or  equal  Spaces  ate 

(0  Mtt.  m.  2.  •      ^ 
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pafled  over  in  the  fame  Time.  Tl^at^  (u)  iays  he, 
is  rf  an  equal  Celerity  vAicb  is  moved  through  am 
eaual  Space  in  an  equal  Ttme.  And  again,  nofo 
Things  which  fafs  wer  am  eaual  Ma^ude  in  an 
et^M  Time  are  of  an  equal  Celerity.  ix>  here  Mag- 
nitude enters  the  Definition  of  Things  of  equal 
Celerity.  So  that  it  feems  Jrifiotle  himfelf  thoi^^ 
it  not  amifs,  by  it  to  define  the  Equality  of  Ve- 
locity. Ami  die  lame  Way  may  equal  Times  be 
defined  to  be  thofe,  in  ^idi  lomc  noted  Body 
carried  with  an  equable  Motion  {viz.  the  Sun  or 
Moon  bjr  deterriiinii^  die  Time)  performs  equal 
Pans  of  its  Courfe,  which  air  coeziftent  with  meir 
equal  Spaces.  In  like  manner  equal  JVagbis  (I 
ipeak  abfolutel^  without  tegard  to  mechanical  Ap- 
plications varying  the  Momenia  of  the  fime  heavy 
Bbdies)  may,  in  rcfpe6k  of  the  Subjeft,  be  defined 
to  be  tbofe  which  are  in  Magnitudes  the  fame  in 
Specie  and  equal  in  ^antity ;  in  rcfpedt  of  the  Ob- 
jeft,  the  mtfOing  Powers  of  equal  Magnitudes  the 
fame  way  fetuated^  as  to  all  the  Conditions  of  the 
Parts  \  ov  which  can  elevate  the  fame  ^  or  equal  Mag- 
nitudes  of  the  fame  Species  ;  and  which  are  endowed 
with  equal  Forces  and  Powers.  Certain  ancient  Phi- 
lofophers  with  Ariftotle  (x)  did  define  equal  Weights 
from  their  fubjacent  Matter,  to  be  thofe  that  confijl 
rf  equal  Principles^  or  of  equal  Particles  of  Matter. 
LafUy,  Equal  Numbers  may  be  defined  fuch  as 
reprefent  Magnitudes  the  fame  Way  divided. 

By  thefe  and  the  like  Means  may  the  Equalities 
of  all  kinds  of  Quantities  be  defined,  and  perhaps 
this  will  be  of  great  Ufe  to  their  diftinft  Com- 
prehenfion.  There  are  not  wanting  Examples  of 
the  moft  excellent  Authors,  who  not  only  pretend 
feparately  to  define  the  Equalities  of  the  laid  Quan- 
tities equivocally^  i.  e.  by  the  fame  Word  %niiy- 

{u)  Phyf.  Vn.  4*  (»)  De  Oslo  IV.  z. 
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ing  different  Things  ;  but  alfo  for  the  fake  of 
greater  Perfpiouty  fymmymoujly^  i.  e.  by  different 
Words  fignifying  the  fame  Thing.  For  Euclid  in 
the  eUventb  Book  of  his  Elements^  has  defined 
Equal  folid  Figures  to  hcfuch  as  are  contained  within 
Jimilar  Planes  equal  in  Multitude,  and  Magnitude. 
And  the  great  Apollonius  (in  the  Beginning  of  the 
fixtb  Book  of  his  Conies^  which  was  lately  tranflated 
fix)m  Jrabick  into  Latin,  and  publifhed  by  the  ex- 
cellent Borellus)  has  defined  equal  Conic  SeSlions  to 
be  fucb  as  being  laid  upon  one  another  are  congruous. 
To  pals  by  what  I  have  already  taken  Naice  of, 
that  Euclid  in  his  Book  of  Gravity  and  Levity  has 
defined  tbofe  Things  to  be  equal  in  Magnitude  which 
fill  the  fame  Place  :  And  I  am  apt  to  think  there 
may  be  fi>me  Definition  of  equal  freights,  to  which 
this  concerning  equal  Magnitudes  is  preparatory. 
But  what  is  near  to  our  Purpofe  Euclid  has  deli- 
vered a  different  Definition  of  a  Part  concerning 
Magnitudes  and  Numbers.  And  the  fame  Perfon, 
in  (he  fifth  of  his  Elements,  has  thought  it  of  Ufe 
to  define  the  Analogy  of  Magnitudes  apart,  and  in 
the  feventb,  to  give  a  different  Definition  of  the 
Proportionality  of  Numbers  •,  from  whence  he  leems 
to  ky  himfelf  under  a  Neceffity,  whenfoever  he 
was  to  fpeak  of  other  Quantiries,  to  define  alfo  par- 
ticularly their  Proportionality,  or  at  leafl  to  accom- 
modate to  them  that  which  is  delivered  concerning 
the  Proportionality  of  Magnimdes.  Wherefore  if 
it  be  amifs  ("which  our  Adverfaries  pretend)  to  de- 
fine the  lame  Word  differently,  as  it  is  attributed 
to  Things  different  in  Genus  or  Species,  we  alledge 
that  thofe  famous  Authors  are  guilty  of  admitting 
it,  with  whom  we  are  not  very  much  alhamcd  to 
err. 

But  at  length  (to  finilh  our  Examination  of  this 

Objection)  I  deny  not,  but  the  Reafon  brought 

would  for  the  moft  part  be  of  force,  if  any  other 

2  mgcc 
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more  general  and  conveiucnt  Nodon  of  E^oGiy 
could  be  afligned.  But  no  odier  is  «>  be  fouod,  at 
leaft  none  better  than  thii,  which  depends  upon 
any  Hypoibefis  more  evident  to  die  Obibrvation  of 
die  Sdiiie,  and  Capadty  (rf*  the  Mind.  Indeed  (as 
ve  have  nooed  in  the  preceding  Lofhire)  the  oeje- 
bratjcd  Man  diere  mentioned  has  attsmpttd  two 
Notions,  nor  I  imagine  wa^  he  able  to  deviie  any 
beoer,  which  yet,  as  we  Mve  fhewn,  when  exa- 
mined do  entirely  &11  in  with  this  dF  ours,  and 
die  lame  Quantiti^  or  die  fame  asMucbes  of  difie- 
rent  TbifigSj  can  be  conceived  no  otherwilq,  than  bv 
fome  Sort  of  Cangrmty  wthatpnffir  qr  omalegkaL 
For  that  I  may  add  tUs  one  Thing,  co  be  fixqe 
ScMt  of  lUuftradon  or  Gonfirmatian  of  what  wis 
dm  £ud;  the  fpecitical  Idendty  of  Qgandty  is 
not  fufficient  to  conftituie  Equality  (for  thra  all  Cir- 
cles, all  Spheres,  and  every  fimilar  Figure  would 
be  equal)  but  a  certain  Numerical  Ideniiiy  is  re- 
quired for  this,  not  indeed  a£lualj  but  however 
fqlftbUj  (uch  as  is  beft  exhibited  by  that  Coinci- 
dence and  Coalidon  of  Qiantides,  which  emei^^ 
from  Congruence.  This  Nodon  therefore  does  pe- 
culiarly ^uare  with  Magnitudes  (which  are  pro- 
perly and  primarily  Quanddes)  and  with  other 
Quandties  after  fome  manner  ;  and  fince  other 
Quantities  nuy  and  ought  to  be  defined  by  the 
Equality  of  Magnitude,  than  which  no  other  can 
be  devifed  more  convenient  -,  thefe  Things,  I  fav, 
confidered,  it  feems  as  if  this  ought  to  be  willingly 
admitted  and  approved  of  againft  every  oppofite 
Argument.  This  principal  Argument  therefore 
being  overthrown,  which  leemed  to  carry  with  it 
die  greateft  Appearance  of  Probability,  we  will 
now  ^ck  its  lecond,  which,  as  our  Adverfaries 
truft,  is  no  lefs  (hong  and  invincible,  but  in  my 
Opinion  is  much  more  weak  and  incondufive. 

The 


Lkct.XIL    Mdtbemiaical  LeSfures.         ill 

"the  Poffeffion  or  Riplethn  (fay  they)  of  the  fame 
Place  is  extraneoos  and  accidental  to  Equality  ;  nor 
are  Magnitkdis  lefs  equals  though  they  pofftfs  net 
the  fame  Place^  than  if  they  do  entirely  pfsffefs  it* 
And  diffimilar  Figures  cannot  occupy  the  iam€ 
Place,  except  the  Situation  of  their  Parts  be 
chan^.  But  what  (urge  they)  do  Motion  and 
Place  and  franfmutation  relate  to  Equality  f  For 
a  Pyramid  even  while  it  remains  a  Pyramid  is  no  lefs 
equal  (boixfoever  diffimilar)  than  when  it  is  tranf- 
formed  \  and  while  it  remains  elfewhere  it  is  equal 
(however  not  in  the  fame  Place)  no  lefs  than  when  ii 
is  moved  in  the  fame  Place.  ^Therefore  Equality 
ought  no  more  to  be  defined  in  refpeSl  to  Place 
("when  there  is  need  of  afluming  a  Tranfpofition  of 
Parts)  than  a  Man  hecaufe  he  may  he  Prince  ^Tran- 
fylvania.  Thus  do  they  feafon  their  Ar^ment  as 
with  Salt,  left  it  (hould  perchance  putrify  (»*  be  of 
lefs  Tafte. 

But  I  anfwer,  that  a  Refpeft  to  the  Spaoe  occu^^ 
piable  by  itfelf  is  not  accidental  or  extrinfecal  to 
any  Magnitude,  but  is  neceflarily  and  indmately 
connedted  with  it ;  to  everv  aft  agrees  an  Habit, 
intrinfccal  and  connate  wim  itfelf,  to  the  Power 
which  it  anfwers,  and  which  it  fills.  I  (ay  it 
agrees  not  more  effentially  to  the  Nature  of  Mag* 
nitude,  that  it  is  capable  of  being  terminated,  ex^ 
tended,  compounded  or  divided,  or  be  the  Sid:jeft 
of  any  other  Attribute,  than  that  it  can  fill  fo  miidi, 
and  fuch  alike  Capacity  of  itfelf,  i.  e.  to  much, 
and  fuch  alike,  or  an  eqiul  and  fimilar  Space.  And 
from  the  Fountain  of  this  Suppofition  do  flow 
many  neceflary  Mathematical  Hypbthefes  %  as  may 
fufficiently  appear  from  what  has  been  already 
fhewn.  Moreover,  thoi^h  it  does  not  happen  ne« 
eeflarily  to  Magnitudes,  as  fuch,  to  poffeis  this  or 
that  definite  Place  or  Situation  ;  yet  it  neceflarily 
tgrees  widi  them,  as  equal,  to  be  fomc  way  capa« 
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bk  of  having  the  IkmeQtiaiidcy,  and  ooofequendy 
of  filling  the  fame  Place  \  as  well  becaufe  it  win 
plainly  follow,  diat  they  in  h&  do  occupy  the 
&nie  Space,  fince  they  aftually  have  the  iame 
Quantity,  as  becaufe  ISm  pofiible  Identity  can  be 
no  other  Way  conceived.  Agun,  it  is  hence  moft 
clearly  apparent  that  this  Capadiy  rf  poff^ff  Ae 
fame  Space  does  not  happen  contu^endy  to  equal 
Magnitudes,  fince  to  hun  that  feriouflv  wekhs  the 
Thmg,  Geonietriciansdenionftratenominge&  con- 
cerning any  Magnitudes  compared  togedier,  as  to 
EfualUy  or  zny  Proportion^  but  as  they  are  capable 
of  being  congruous,  or  to  ocamy  the  lame  rlace. 
When,  ex.  gr.  Euclid  Ihews  ibe  trMe  of  a  Cone 
to  be  equal  to  its  drcumfcribed  Cymder  %  when 
Arcbimeaes  demooftrates  the  Superfice  of  a  Sphere 
to  be  equal  to  four  times  the  greateft  Circle  of  the 
fame  Sphere  ;  and  when  the  fame  Perfon  teaches 
that  a  Circle  is  equal  to  its  Radii  drawn  into  its  Se- 
mperiphery^  it  comes  to  the  fame,  and  their  Ar- 
gqments  prove  nothing  elfe  (to  any  who  examines 
them  fix)m  their  firft  Principles)  but  that  (uch 
Magnitudes  are  capable  of  being  congruous  to  one 
another.  For  their  Demonftrations  depend  parti- 
cularly  upon  the  fourth  and  eighth  Propofitions  of 
the  firft  Book  of  the  Elements^  where  the  Equality 
of  Triangles  is  demonftrated  from  their  Pojfibility 
of  Congruence.  Therefore,  if  a  Capacity  of  filling 
the  fame  Place  be  a  Thing  accidental  to  thoie  Mag- 
nitudes, then  it  follows  that  the  principal  Geome- 
tricians have  demonfhated  nothing  neceflary  to 
them,  which  founds  fomething  harlh  to  Mathe- 
matical Ban. 

Moreover,  an  Occupation  of  Place  is  not  more  ex- 
trinfccally,  nor  le(s  intrinfecally  conjoined  with  Mag- 
nitude, than  Motion^  or  Mutation  of  Place ;  and  as 
Magnitudes  wherefoever  placed  are  conceived  equal, 
fo  Figures  howfoever  quiefcent  and  unknown  do 

obtain 
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obtain  and  preferve  the  lame  Nature,  Neverthe- 
Icfe  no  Geometrician  refiifes  to  define  Figures  by 
any  Motion  by  which  they  can  be  generated  witn 
Eafc.  Thus  Euclid  thou^t  fit  to  define  a  Sphere 
from  the  Revolution  of  a  Semicircle  about  its  Dia- 
meter, a  Cylinder  from  the  turning  of  aParallelogram 
about  its  Side,  and  a  Cone  from  the  Rotation  of  a 
Triangle  about  its  Leg ;  Apollonius  a  conical  Su- 
ferjice  univer&Uy  from  the  Tranfit  of  a  Right  Line 
cncompaffing  a  circular  Periphery  •,  Archimedes  a 
Conoid  and  Spheroid  from  plane  Portions  of  co- 
nical Scftions  turned  round  their  Diameter :  And 
fome  Geometricians  do  the  fame  way  define  at 
their  Pleafure  any  Magnitudes  (Lines,  Superficies^ 
and  Solids)  fi-om  Motions  circular,  direft,  parallel, 
or  mixed.  Which  Definitions  are  not  only  the 
moil  lawfiil,  but  the  beft  :  For  they  not  only  ex- 
plain the  Nature  of  the  Magnitude  defined,  but,  at 
the  fame  time,  (hew  its  poffible  Exiflence,  and 
evidendy  difcover  the  Method  of  its  Conftruftion: 
They  not  only  defcribe  what  it  is,  but  prove  by 
Experiment,  that  it  is  capable  of  being  fuch  -,  and 
do  put  it  beyond  doubt  how  it  becomes  fuch. 
And  the  Reafon  is  the  fame,  the  Virtue  equal  of 
this  our  Definition  derived  firom  Congruity\  for 
it  not  only  explains  what  the  Equality  of  Mag- 
nitudes is,  but  that  they  are  capable  of  being 
equal  :  It  plainly  difcovers  by  what  Means  equal 
Magnitudes  are  effefted,  known,  and  explored, 
teaching  it  by  a  Method,  which  is  mod  frequently 
in  Ufe,  and  every  where  wont  to  be  applied  for  > 
the  difceming  and  judging  Equality.  Therefore 
this  Definition  ought  to  difpleafe  none,  who  knows 
the  Namre  of  Definitions,  and  obferves  how  they 
always  refult  from  fome  poffible  Suppofition. 

Many  Things  do  yet  remain,  which  I  thought 
to  touch,  but  they  are  of  light  Moment,  and  their 
Solution  may  be  eafily  perceived  and  deduced  from 

what 
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what4ias  been  already  laid  and  infinuated  \  fo  thtt 
what  remains  concerning  Co^riUy  and  Equditj 
may  be  cafily  fupplicd  by  your  icives.  For  k  s 
bocn  croublefome  to  you  and  myfdf  to  continue 
thus  long  in  a  tedious  Difputation  about  a  Matter 
fmalland  trifling.  Nor  would  it  be  rig^  to  dccun 
you  from  Arguments  fo  much  niore  fuUime,  which 
yet  arc  to  come.  Therefore,  moft  worthy  Audi- 
tors, adieu  for  the  prefent.  In  the  fucceedii^  Lec- 
ture I  purpofe  to  betake  myfelf  to  anodier  Pro- 
vince, m  applying  thofe  Amnions  of  Pnforim^ 
and  Analogy. 

LECTURE   XIII. 

Of  the  erroneous  Comment  of  VvocXus^  and  others 
tipon  the  eighth  Axiom  of  thejirjl  Element^  &c. 

TH  E  laft  I  handled  of  the  Attributes  and  Pro- 
perties of  Magnitudes,  which  arc  fubfcrvient 
for  Mathematical  Hypothefes  was  Congruity^  and 
have  treated  at  large,  that  the  Notion  of  Equa^ 
lity  is  moft  rightly  fetched  thence.  The  Sulneft 
now  feems  to  require  me  to  pafs  elfewhere,  but  uich 
IS  my  Infelicity,  I  can't  difmifs  rfiis  Bufmefs  before 
I  adjoin  one  or  two  little  Remarks,  by  way  of  Con- 
feftary,  relating  to  the  farther  Declaration  and  Ufe 
of  my  Purpofe. 

Ftrft  then  I  obferve,  that,  from  what  has  been 
delivered,  may  be  difcovered  a  remarkable  Error 
of  Proclusj  and  moft  Interpreters,  who  have  com- 
mented after  him,  upon  the  eighth  Axiom  of  the 
frft  of  the  Elements.  The  Axiom  is  thus  exprefled, 
fiings  ivbicb  are  congruous  to  one  another  are  alfi 

equal. 
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'.  This  Proclus  denies  to  hold  convertible 
:rially.  //  does  not  (fays  he^  truly  agree 
all  Magnitudes^  but  only  with  thoje  of  the  fame 
eSy  or  fuch  as  are  moft  terfe£lly  ftmilar.  And 
him  agrees  BoreUus  \  But  convertibly  (Tays  hejj 
tbofe  things  which  are  equal  are  congruous  to 
noiber^  is  not  true  in  all  Magnitudes  \  but  in 

of  the  fame  Species^  as  Right  Lines  between 
etve,s,y  and  the  Circumferences  of  equal  Circles^ 
xkHmobferves.  Biit  mis  Exception  more  dil^- 
y  look^  intc^  is  not  only  unrieceflary,  JSut 
:h  feems  wonderful  to  have  efcaped  fuch  &• 
U3  Pcrfons^  will  be  found  utterly  falfe.  For 
ongruity  they  there  underftand  either  an  a£lual 
tential  Congruity,  But  whether  Way  foever  (c 
ken  their  Aflertions  differ  from  Truth.  If 
be  taken  concerning  adual  Congruity  y  the^ 
noft  evi^endy  convinced  of  palfity,  becaufe 
2r  all  equal  Right  Lipes,*  nor  the  Circum- 
2fs  pf  equal  Circles,  nor  Magnitudes  howfo- 
cqual  or  fimilar,  are  actually  congruous,  but  • 
ften  moft  diftant  as  to  Place ;  as  much  ex: 
s  the  Antar^ic  Circle  is  diftant  from  the  Ar£tic 
xntrary  to  it  in  Situation,  though  alike  in 
es,  and  altogether  equal  in  Magrjimde  :.  If 
n\ing  potential  J  it  appears  fronri  what  is  already 
nftratcd,  and  'not  what  is  to  be  demonftrated* 
[;  is  c^lfo  &lfcly  affirmed  that  fome  equal  Mag- 
s  are  not  congruous. .  Fjor  on  the  contrary  it 
ft  true  that  all  equal  Magnitudes  howfoever 
ait  in  Specie,  or  unlike  to  one  another,  arc 
Ic  of  Congruity^  It  is  indeed  true,  that  Mag- 
?s  of  die  fame  Species,  and  moft  perfcftly  fimi- 

one  another  {vit..  as  Right  Lines,  Circles 
bed  with  equal  Radii^  and  equal  reiSbilipeal 
sj  do  admit  2Sijaclual  Congruity  z&tr  a  cercain 
ar  Manner,  viz.  the  Order  of  the  Parts  being 
xl,  and  the  Situation  no  where  varied  j  al:^ 
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their  pojjihle  Cof^rmty  is  eafibr  appreiheiided,  and 

eerhaps  immediatelv  infemd  from  thdr  Definitkxu 
ut  tnis  does  not  lels  truly  agree  $nth  all  otto 
equal  Magnitudes  which  are  capabk  of  being  xcn- 
deredmoll  accurately  congruous  by  the  TiuQitni 
of  certain  of  their  F^urts,  and  the  Mutation  in  Fm 
of  dieir  Figure  *»  u  e.  the  Parts  of  onefwhich  dife 
nothing  from  itsNVbolej  vdU  exa&ly  poflefi  die 
Space  of  the  other.  But  the  Retention  or  Ahen- 
tmn  of  Figure  neither  adds  any  Tlung  to,  nor  de- 
rogates  fr^  the  EquaUty  or  Cofi^mity  of  Marai- 
tud^s  ;  nor  is  it  ot  any  Confideration  here,  ^iriie- 
ther  the  Comprehenlion  of  poffible  Con^nviTjr  be 
ezty  orydiffictdt.  For  it  is  as  true  vhich  is  kwniUy 
demonftrated  by  a  thouiand  Chains  of  Arguments, 
as  that  which  is  perceived  at  firft  View,  or  imme- 
diately inferred  by  one  only  Syllogifm.  Euclid  in- 
deed has  demonftrated  the  Congruity  of  any  even 
reftilineal  Figure  with  a  determinate  Square,  and 
fas  far  as  poffible  has  attempted  the  femcj^  of  any 
folid  Figure  contained  within  plane  Superficies,  /,  e. 
he  has  taught  or  inveftigated  rfie  Metnod  of  mea- 
furing  them.  Arcbimedes^  proceeding  farther  4ias 
compared  Circles,  and  circular  Sectors,  alfo  curved, 
conical,  cylindrical,  and  fpherical  Superficies,  and 
demonftrated  them  to  be  congruous  with  one  an- 
other by  the  moft  evident  Confequences.  When 
ex.gr.  Archimedes  demonftrated  that  a  Circle  is 
equal  to  a  reftangular  Triangle,  whofe  Bafis  is 
equal  to  the  Radius  of  the  Circle,  and  Cathetus  to 
the  Periphery  for  which  comes  to  the  fame,  to  the 
Square  whole  Side  is  a  mean  Proportional  between 
the  Radius  and  Semi-periphery  of  the  Circle)  he 
did  nothing  elfe  ('we  will  findj  but  demonfbate 
that  the  Area  of  a  Circle  or  regular  Polygon  hav- 
ing an  indefinite  Number  of  Sides  may  be  di- 
vided into  fb  many  minute  Triangles  which  arc 
e^ial  to  juft  io  many  litde  Trigons  of  the  fsud 

Triangle  ^ 
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ngle  ;  and  the  Equality  of  thofe  Triangles  is 
onftrated  in  the  Elements  from  Congruity  alone, 
n  whence  confequendy  Archimedes  has  demon--^ 
sd  the  Congruity  of  a  Circle  with  a  Triangle 
Ibcver  difllmilar  they  be  to  one  another.  Allb 
I  the  Superfice  of  a  Cone  is  by  the  lame  Pcr- 
demonftrated  to  be  equal  to  the  Area  of  a  Cir« 
whole  Radius  is  a  mean  Propordonal  be- 
n  the  Side  of  the  Cone  and  the  Semidiameter 
le  Bafis  ;  'he  demonftrates  nothing  elfe  (as  is 

by  having  Recourfe  to  the  firft  Origin  of 
lOnftration)  but  that  this  Superfice  does  as  ic 

omfiftof  an  Infinity  of  litde  Triangles,  every 
of  which  are  congruous  to  as  many  particular 
ngles  compofing  the  iaid  CircJe.  Thus  the 
mlitude  of  Figures  is  no  Hindrance  to  Con-^ 
y  ;  but  whether  they  he  ft milar  or  dij/imilar^ 
ey  be  equal,  they  either  always  are,  or  ought 
r,  capable  of  Congruity.  Therefore  the  faid 
i  Axiom  can  either  be  no  Way,  or  elfe  every 
5  convertible  ;  no  Way,  if  what  is  there  ac-* 
ed  Congruity  defign  ailual  Congruity  j  every 

if  it  be  only  taken  for  potential,  i.  e.  7ho/e 
y  which  are  capable  of  Congruity  are  equal 
ronvertibU :  After  which  manner  Reafon  does 
r  require  it  to  be  underftood.  For  it  is  better 
o  explain  that  moft  ufeful  Axiom,  to  hold  every 
convertibly ,  than  to  be  noWay  capable  to  be  con- 
1 ;  and  to  contain  an  eflential  Aflleftion  of  Mag-* 
5,  than  only  to  refpedt  an  accidental  Property. 
D  be  adhially  congruous  has  no  Affinity  to  the 
re  of  Magnitude  or  Equality,  but  happens  to 

contingendy,  and  (Cmcc  an  A6t  always  ar- 
a  previous  Power )  is  applied  for  no  other 
^  but  as  a  Potential  Congruity  may  be  known 

which  only  does  intimately  agree  with  Equa^ 
ind  is  perpetually  reciprocal  with  it.  For  as 
^ckxxKd  connate  and  moft  dofely  coonedled 
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r'ch  Magnitude  nd  to  be  aSually  divided^  but  t9 
divi/tbUj  and  diis  DmftbiUty  b  uiftinguifhed  and 
known  feparatdy  from  a&ual  Divifion^  howercr 
fortuitous  or  arbitrary ;  fo  it  accidentally  happens 
to  equal  ^antities  as  fuch,  that  they  are  amially 
oongruous,  but  it  agrees  inieparably  and  peipetuallj 
that  they  are  capabk  of  being  io  *,  but  mac  Aa 
is  fubfcrvient,  and  therefore  is  wont  'to  be  applied 
for  fhewing  this  Power.  Thcrdbrc  Pr^dus  and 
moft  others  treading  in  his  Footfteps  do  wrongly 
explain  this  jixiom^  not  taking  fufHcient  Notice  of 
die  Difference  between  a£lual  and  poffible  Congruttyf 
only  refpedting  adual  Congndiy^  which  is  not  hot 
to  be  attended  to. 

The  excellent  Clavius  is  one  who  has  kepi^ 
himfelf  free  from  this  Contagion ;  whom  there- 
fore his  moft  learned  Countryman  I'acqt/et  has 
wrongfully  blamed.  Clavius^  fays  he,  has  not 
converted  this  Axiom  rightly^  for  it  is  falfe  that 
thofe  Things  which  are  univerfally  equal  to  one  another 
are  mutually  congruous  \  for  dijfimilar  Magnitudes 
may  be  equal,  yet  tbey  will  not  be  congruous  ;  but 
if  they  beftmilar  and  equals  it  will  bold  convertibly. 

But  I  rather  admire  the  fuigular  either  Know- 
fcdge  or  good  Fortune  of  Clavius^  who  has  hap- 
pily avoided  the  common  Error,  and  wholly 
omitted  this  Exception  wliich  depends  upon  fo 
falfe  a  Foundation,  and  has  truly  explained  that 
Axiom,  though  not  fully  and  fufficiently  clear. 
But  in  this  I  have  been  too  prolix,  though  I  am 
filent  as  to  fome  Things. 

Secondly^  I  obferve  that  tlie  Axioms  which  re- 
late to  Equality  may  be  demonftrated  from  this 
I>efinition  of  Equality  laid  down :  which  argues  its 
Convenience  and  Excellence.  For  Axioms  as  cer- 
toin  Theorems  ("which  has  been  often  admonifhed) 
ought  to  be  capbleof  being  demonftrated  from  the 
iawiiil  Definitions  of  the  Terms  of  which  they 
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confift.  Therefore  Apollonius  has  illuftrated  that 
which  Ramus  calls  the  moft  bright  Sun  in  the  Ma- 
thematics^ That  thofe  Things^  wHch  are  equal  to  the 
fatne^  are  equal  to  one  another^  by  a  Demonftra- 
tion  fetched  from  hence.  Let  the  two  Magni- 
tudes A  and  C  be  each  fingularly  fuppofed  equal 
to  a  third  Magnitude  B.  I  fay  the  Magnitudes  A 
and  C  are  equal.  For  fince  by  the  Hypothefes 
the  Magnitudes  A  and  B  are  equal,  the  lame  ^by 
the  foregoing  Definition  of  Equality)  are  capable 
of  bemg  congruous ;  therefore  let  them  fill  the  Place 
Z.  Alfo  fince  the  Magnitudes  C  and  B  are  equal 
'  by  the  Hypothefis,  if  C  be  put  upon  B  occupying 
the  Place  Z  •,  alfo  C  (from  the  Definition  of  Equa- 
lity) Will  be  capable  of  occupying  the  Place  Z. 
Therefore  both  A  and  C  are  capable  of  filling  the 
Place  Z.  From  whence  reciprocally  (firom  the  Defi-r 
nition  of  Equality)  A  and  C  will  be  equal.  QJ£..  D. 
But  Proclus  objefts  againft  this  Definition,  that 
it  depends  upon  the  Afiumption  of  thofe  two 
Axioms,  Tbo/e  Things  which  pojfefs  the  fame  Place 
are  equal  -,  and  thofe  ^ings  which  occupy  the  fame 
Place  with  another^  do  occupy  the  fume  Plane 
between  themfelves :  Both  of  which  he  affirms  to 
be  far  more  obfcure,  and  difficult  to  be  granted, 
than  the  Conclufion  propofed  to  be  demonftrated. 
But  in  Defence  of  that  great  Geometrician  I  briefly 
anfwer.  -F?^,  it  is  apparently  falfe,  that  the  Con* 
fideration  of  Place  or  Space  is  more  obfcure  and 
unknown  to  us  than  that  'o{  Equality.  Since,  fi"om 
what  is  before  proved.  Equality  can  onjy  be  il- 
luflxated  from  it.  Alio  Congruity^  or  a  Ppfl^Rkxi 
of  the  fame  Place,  may  be  fuppof^^  becaufe  it 
may  be  difcemed  to  be  poffible  by  Senfe  -,  but  ^quci- 
lity  does  not  immediately  occur  to  the  Senfe,  but 
refults  from  fome  fuppofed  Comparifon ;  therefore 
the  Notion  ofCongruity  is  clearer  than  that  of  Equa* 
lity.     And  fincc,    thofe  Tmngs  which  occupy    $k€ 
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fame  Place  are  equal  is  the  inoft  commodious  D^ 
finidon  of  Equality  (as  methinks  we  h^ve  fuffi- 
ciently  proved^  it  will  therefore  be  more  (impk 
and  evident  than  any  other  PropoQdon  including 
MqualUy :  As  the  Pefinition  of  a  Triangle  is  more 
fimple  and  clear  than  any  Theorem  about  a  Tri- 
an^e.  Secondly^  as  to  the  other  Aidom,  Ttnp 
Slnngi  which  occupy  the  fame  Place  with  antaber^ 
do^  occupy  the  fame  Place  between  tbemfelves  ;  I 
deny  thit  any  Thing  can  be  clearer,  much  kfs 
that  this  is  more  obfcure  than  the  propofed  Con- 
clufion.  For,  if  tryed  to  the  bottom,  it  will  be 
fimnd  a  Fropofidon  plainly  idendcal,  and  differs 
no  more  from  it,  than  that  Peter  is  Peter  ;  for  it 
is  reduced  to  this  Propofidon  without  changing  its 
Senfe,  but  only  for  the  fake  of  Perfpicuity  giving 
Names  to  die  Magnitudes  •,  as  Z  the  Place  com- 
mon to  B  and  A  is  the  fame  with  Z  the  Place 
common  to  B  and  C.  Or  this  Categorical  Pro- 
pofition,  ^hofe  Things  which  occupy  the  fame  Place 
with  another  do  occupy  the  fame  Place  between 
Hhemfelves^  may  be  reduced  to  this  equivalent  Hy- 
pothetical Enunciation,  If  the  Magnitude  A  occu- 
py the  Place  Z  belonging  to  the  Magnitude  B,  and 
the  Magnitude  C  occupy  the  Place  Z  belonging  alfg 
to  the  Magnitude  B,  then  the  Magnitudes  A  and  C 
do  occupy  the  fame  Place  Z.  Where  that  which  is 
fuppofed  in  the  Antecedent  is  repeated  in  the  Q>ri- 
fequent.  And  what  Propofition,  I  b^  can  be 
iriore  manifeftJy  true  than  this  ?  Certainly  not  this, 
^ofe  Things  J  which  are  equal  to  the  fame  ^  are  equal 
to  one  amther^  becaufc  it  muft  firft  be  known 
what  Equality  is,  and  what  is  fignified  by  it,  be- 
fore the  Truth  of  this  Propofition  can  be  compre- 
hended. But  yet  thirdly^  I  deny  that  the  faid  tri- 
fling and  filly  Axiom  is  prefuppofed,  or  applied 
in  a  Demonftradon.  We  only  infer,  becaufe  a 
Magnitude  is  fuppofed  to  occupy  the  Place  Z,  that 
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C  which  is  cqiLil  to  tiiac  Mag'iitiLl'j  i 
ble  to  occupy  the  lame  Place  Z  •,  Wiiid  lu;::..- 
diately  follows  from  the  foregoing  Definicioa  of 
Equality.  Nor  do  we  ufe  any  different  Principic. 
\jtt  any  one  take  Notice  :  To  be  fure  Proclus  ufes 
aH  his  Strength  to  oppofe  the  Demonftration  of  Apd- , 
lonius :  And  he  gravely  concludes  :  Jll  Axioms 
QUgbt  to  he  delivered  as  immediate^  and  dear  by  their 
own  Lights  manifeft  and  meriting  Ajffent  from  them- 
felves.  For  be  who  ufes  JDemonftration  in  the  moft. 
evident  ^Inngs  does  not  ejlablijh  their  3*ruth  but 
weaken  the  Evidence^  which  we  have  without  Learn^ 
ing  in  our  preconceived  Notions.  To  which  Opi^- 
nion,  as  to  vulgar  Ufe,  1  willingly  fubfcribe, 
nor  is  there  any  need  to  confefs  that  it  is  too 
icrupulous  to  examine  Things  commanding  fo 
eafy  an  Aflent.  But  I  think  it  is  not  unufeful,  to. 
fliew  by  fome  Experiments  for  the  further  D©cla^ 
ration  of  the  Genius  of  Pemonftratjon,  the  Na- 
ture of  Science,  and  Diveriity  of  Principles,  that 
the  utmoft  Rigour  does  even  require  the  Demon- 
ftration  of  Axioms,  that  they  in  reality  are  capa- 
ble of  being  demonftrated,  and  that  Definidons 
well  conftituted  are  ferviceable  for  demonftrating 
them.  Nor  do  I  think  him  worthy  of  being  im- 
peached of  Madnefs  or  Prtde^  who  attempts  fuch 
a  Thing,  either  for  thefe  Caufes,  or  the  Exercife 
of  his  Genius,  of  which  Things  notwithftanding  a-  . 
very  fcvere  Ariftarchus  among  the  Modems  (I 
wilh  not  guilty  of  the  fame  Vices  himfelf)  lets 
not  to  accufe  fuch  an  one,  and  confequendy  ApoU 
lonius  himfelf  a  Man  of  die  greatefl  Sagacity  and 
moft  confummate  Learning  in  the  Mathematics. 
However  relying  upon  the  Example  of  fo  great  a 
Man,  I  will  not  be  afraid  myfelf  to  demonftrate, 
entirely  from  what  has  been  faid,  the  two  next 
Axioms  to  the  faid  firft.  The  fecond  Axiom  is 
^  %  If  egual  Sluantities  be  added  to  equal  ^an- 
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titiis  the  Sums  (or  fflides)  will  he  equal :  Which  1 
t|ius  demonftratc.  Let  A  and  B  be  two  tqual 
Magnitudes,  which  confequently  (firom  the  Defini- 
tion of  Equality)  are  capable  of  Congruence^  and 
pf  filling  the  Tame  Place'.  Let  them  therefore  be-, 
cupy  the  Place  X,  and  let  the  Magnitude*  C  be 
added  to  A,  whole  Place  let  beY.  'Therfeforc 
X+Y  is  the  Place-  of  the  Sum  A^-C.  Alfo  let 
the  Magnitude  t)  equal  to  C  be  added  to  B,  from 
whence  in  like  manner  (fi-om  the  Definition  of 
EquaKty)^  D  will  be  capable  of  filing  the  Place 
X :  and  confequently  B+D  will  be  capable  of 
occupying  the  compounded  Place  X4-Y  5  viz.  the 
fame  which  A-j-C  is  capable  of  occupying.  There- 
fore f  from  the  Definition  of  Equality)  £)-D  wiU 
be  equal  to  A^C.  Q^E.  T>.  By  a  like  Dilcurfus 
ivUl  be  demonftrated  the  neict  fubfequent  Axiom  ; 
If  cqtfal  Quantities  be  taken  from  equal  ^/antities 
the  Remainders  'H'ill  be  equal.  For  again,  let  there 
be  two  equal  Magnitudes  A  and  B,  of  which  con- 
fequently there  may  be  a  common  capable  Place  X. 
Let  the  equal  Magnitudes  C  and  D  be  taken  from 
fhofe,  whole  common  Place  alfo  let  be  Y.  Therefore 
the  remaining  Phcc  X-^rY  will  be  a  common  ca- 
pable Place  to  both  the  remaining  Magnitudes 
A— C  and  B — D.  Therefore  the^  Remainders 
A— C  and  B— D  are  equal.  Q;^E.D.  And  by 
the  fame  Mediod  may  any  Theorem  (or  Axiom) 
pertaining  to  abftradl  Equality  be  demonftrated, 
by  help  of  the  faid  •  Definition,  which  fhews  its 
Excellence  and  Convenience.  But  difmifling  this 
Obfervation,  I  remark. 

Thirdly^  1  hat,  from  what  has  been  faid,  it  may 
be  eafily  perceived  what  is  Equal  to\  what  Greater^ 
and  what  Lejfer  than  another :  For  fcarce  any  of 
thefe  can  be  any  way  explained  but  from  a  Re- 
ference to  an  oppofite  Equaly  or  more  immediate- 
Jy  from  a  Relation  to  S^ace.     i.  With  Refpcdt  fo 
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Space^  that  will  be  called  Unequal^  which  is  always 
and  neceflarily  Incongruous  with  another,  i.  e.  which 
being  any  how  applied  to  another  (either  at  the 
iame  time,  or  fucceflively,  or  by  mental  Penetration, 
or  retaining  the  Situation  of  the  Parts,  or  changing 
their  Order  any  of  thefe  Ways  as  explained  above) 
will  ho  way  exadtly  coincide  with  it,  but  cither 
txceed  or  foil  Ihort  of  it.  Coniequently  of  two 
unequal  Species^  that  will  be  Greater^  which  being 
tlius  applied  to,  or  put  upon  the  other,  will  exceed 
it,  I.  e.  will  occupy  the  whole  Space  of  the  other, 
and  fome  farther  Space  befides  •,  or  a  Part  of  which 
will  be  congruous  with  the  Whole  of  the  other, 
or  fill  the  whole  Space  of  the  other  :  that  Lejferj 
which  being  applied  to  the  other  will  fall  (bort  of 
it,  or  coincide  with  a  Part  of  the  other,  or  will 
occupy  a  Part  of  the  Space  which  is  poflcfled  by 
the  other.  2.  But  with  refpedt  to  an  Equal  that  wiH 
be  called  Unequal,  which  contains  m  it  another 
(or  what  is  equal  to  another)  and  fomething  be- 
fides ;  or  is  fo  contained  in  another  (or  in  fome- 
'  thing  which  is  equal  to  another)  that  fomething  re- 
mains over  and  above.  That,  viz,  is  Greater  which 
contains  another  (or  which  is  equal  to  another^  and 
fomething  befides :  That  Lejfer  which  is  fo  con- 
tained in  another  (or  in  that  which  is  equal  to 
anotherj  that  fomething  is  ftill  remaining.  Or 
with  Mr.  Hohbsj  a  Magnitude  may  be  not  unele- 
gantly  defined  Greater  than  a  Magnitude  (he  fays 
a  Body  than  a  Body,  but  it  is  better  to  fpeak  more 
univerfally^  when  a  Part  of  that  is  equal  to  the 
Whole  of  this  :  Leffer^  when  the  fFhole  of  that  is 
tqual  to  a  Part  of  this  ;  though  perhaps  fome- 
thing is  Wanting  in  thofe  Definitions.  For  it  may 
be  objefted  that  they  anlwer  not  thofe  unequal 
Magnitudes,  of  which  one  comprehends  the  other. 
Whichf  yet  may  be  cafily  excufed  or  pardoned,  be- 
caufe  every  Magnitude  is  reckoned  Equal  to  itfelf 
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in  the  moft  perfed:  Manner,  and  Ideniity  do^  emi 
licntly  contain  Equality^  whicli  is  every  wb 
fuppofed  in  the  Demonftmtion*^  of  GeometTT.  ' 
thefe  Definitions  may  be  oorrBftcd  and  ^ipUed 
by  exprefling  them  thus  %  A  Magmfude  is  GnMer 
than  a  Magnitude^  when  a  Part  of  that  is  ejual^ 
or  tbefame^  witb  the  JVbde  of  this :  Leffer^  vAm 
the  Whole  of  that  is  eaual^  or  tbefme^  witb  a  Part 
of  this.  Which  Definitions  of  Inequality^  Greater 
or  Lcjfferj  will  alio  agree  oHokgicatty  irith  odier 
^antities^  each  its  own  Way,  (viz.  wkh  JMM- 
ons^  Ttmes^  Velocities^  Weigi^s^  Numbers^)  as  has 
been  largely  explained  concerning  Equdiiy. 

I  will  only  advertife  one  T\m%  concerning  die 
faid  Inequality  thus  to  be  taken,  diat  the  ExtefiunB^ 
Defeciy  or  dmt  which  abounds  or  fiij^lies,  is  hue 
always  meant  of  Things  homogeneous.  For  Quan- 
tities of  a  different  Kind  are  not  capable  of  being 
compared  tc^ether  in  relpeft  to  Equality  or  Inequa- 
lity. Which  will  be  afterwards  more  diftinftly 
explained,  when  we  come  to  treat  of  Proportion. 

But  Ihall  I  never  extricate  myfelf  from  thefe 
Quirks  and  Trifles  ?  Shall  I  always  ifoend  my  time 
in  examining  what. is  of  no  Value?  In  fo  plentiful 
an  Harveft,  fo  rich  a  Vintage,  fo  great  a  Store  of 
moft  important  Diiquifitions,  why  do  I  only  glean 
the  fcattered  Ears,  fearch  the  neglected  Boughs, 
and  gather  the  &llen  Grapes  ?  When  a  Chace  after 
the  important  and  difficult  Things  in  the  Mathe<i 
matics  is  oflFcred,  a  Chace  fo  fiill  of  Variety,  fo 
pleafant,  and  fo  certain ;  wherefore  do  I  dwell  fo 
long  upon  thofe  litde  Queftions,  like  one  hunting 
after  Flies  ?  I  Ihun  things  of  Confequence,  foort  in 
ferious,  am  gravely  ridiculous,  ftudioufiy  teeking 
after,  and  nicely  repeating  and  inculcating  every 
the  flighteft  Matter.  Shall  I  thus  inceflantly  follow 
fomany  diftant  By-ways,  fo  many  uncouth. Turn- 
ings^ and  ihall  I  never,  return  again  into  the  beaten 
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?atlis  of  the  King*s  high  Road  ?  Shall  I  grow  old 
fin  thefe  outer  Courts  of  general  Matters  ?  Slull  I 
'perpetually  tarry  in  the  Entrance  of  tlie  Sciences  ? 
Shall  I  always  ftick  in  the  Threlhold  ?  Shall  I 
only  knock  at  the  Doors  of  the  Mathematics,  and 
never  enter  within  the  Walls  of  the  Houie,  nor  pe- 
netrate its  more  facred  Recedes  ?  Shall  I  ever  be 
upon  the  Parley,  ever  fkirmifh  at  a  Diftance, 
and  never  engage  Hand  to  Hand,  or  (X)me  to  a 
decifive  Battle  ?  What  do  I  but  raife  Mifls  and 
Doubts,  fow  Strifes  and  Contentions,  raife  Storms 
and  Tumults  in  that  Science,  which  promiies, 
•which  boafts  of  nothing  but  what  is  clear  and 
isvident,  certain  and  tried,  calm  and  ferene  ?  And 
by  difputing  more  freely,  and  bringing  many 
Things  to  the  Scrutiny,  I  feem  to  detradt  and  de- 
rogate fh)m  the  Certitude  and  Evidence  of  the  Ma- 
thematics, .  which  is  fo  contrary  to  Jarring  and 
Contentions  ?  Thus  am  I  wont  to  upbraid  myfelf, 
and  perhaps  alfo  others  do  the  fame ;  at  leaft  not 
without  fome  feeming  Caufe,  or  Appearance  of 
Juftice. 

Notwithftanding  I  am  able  to  alledge  fomc- 
thing  in  my  own  Excufe  to  wipe  away  thofc 
Reproaches  ;  and  fmce  fo  much  of  the  Time  de- 
ftined  for  this  Le&ure  is  now  pafled  over,  contrary 
to  Expeftadon,  fo  that  I  am  unable,  though  not 
unwilling  to  enter  upon  another  new  Subjedt :  I 
humbly  beg  of  you  to  pardon  this,  and  indulge 
me  with  a  little  of  your  Patience  while  I  am  in 
fome  fort  defending  thefe  Trifles,  and  explaining 
the  Reafon  of  the  Defign,  I  have  hitherto  gone 
upon.  As  to  thefe  litde  Niceties  \  anfwer,  that 
thofe  Things  are  not  ajways  fmall  which  feem  fo  -, 
fince  the  Stars  appear  very  fmall,  and  the  Sun  not 
great  ;  we  are  therefore  to  have  a  thorough  Know- 
ledge from  whence  the  Appearance  of  a  Thing  be- 
)ield  comes>  and  whither  it  tendsj  before  its  Mag- 
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nicudc  can  be  judgpd  of.  Thofe  Things  which  arc 
fmall  in  Bulk,  are  fomedmcs  endued  widi  vaft 
Strengdi^  and  diofe  which  contain  nodiing  in  diem 
notable^  do  often  draw  after  diem  very  great  Con- 
fequenccs.  The  Origins  of  the  gres^eft  Things 
are  almofl:  conftandy  fmall  ;  the  largeft  Stocks 
grow  from  fmall  Seeds,  immcnfe  Rivers  fwell  finom 
fmall  Fountains,  and  the  Nature  of  Truth  and 
Error  is  mod  remarkably  fruitfid  ;  a  vaft  Light  b 
on  every  Side  diSufed  from  fmall  Sparks  of 
Truth,  and  a  huge  Crop  of  Errors  fpnngs  from 
the  leait  Root  of  Falfliood  :  In  the  Sciences  efpe- 
cially,  from  flender  Threads  are  fufbended  the 
greateft  Weights,  nor  are  the  leaft  Things  con- 
temned without  the  greatSeft  Damage.  As  a  whole 
Machine  perifhes  and  becomes  unfit  for  Ule,  by 
the  mifplacing  of  one  Wheel,  and  a  huge  Ele- 
phant often  perifhes  by  the  Breach  of  a  little  Vein  -, 
10  fometimes  one  only  Notion,  which  may  feem 
Imall  and  barren,  if  ill  placed  and  badly  under- 
ftood,  will  from  a  fruitful  Offspring  of  Confe- 
quences  derive  upon  any  Science  a  vaft  Conflifion, 
a  grofs  Darknefs,  and  a  manifold  Caufe  of  Er- 
ror. Arijiotk  (who  alfo  maintains  his  own  Accu- 
racy and  ftria  Diligence  in  fome  more  minute 
Tilings^  has  wifely  obferved  in  the  Words  moft 
worthy  of  Notice  which  arc  extant  in  ^t  fifth  Chap- 
ter of  his  firft  Book  de  Ccslo  :  Any  little  Wander- 
ing is  prefently  encreafed  and  multiplied  te  ten  thou- 
fand  times  greater^  by  fiich  as  recede  from  the  Truth. 
As  if  onefbould  affirm  that  fome  leaft  Magnitude  may 
he  given  •,  fuch  an  one  introducing  a  Minimum^  will 
overturn  the  greateft  of  Mathematical  Things.  Ami 
thence  it  happens  that  every  Principle  is  more  preva- 
Irnt  by  its  Power^  than  by  its  abfolute  Magnitude. 
From  whence  what  in  the  Beginning  feems  littky  in 
the  End  will  become  very  great.  So  dangerous  is  it 
in  the  Judgment  of^ie  Philofophcr  to  lay  afide 
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all  Ckre  of  the  kaft  Things,  which  have  not  only 
their  Accourit,  but  alfo  oftentimes  an  Advantage 
by  no  nieans  to  be  flighted  ^  efpecially  in  thofc 
Scieikres,  which  climb  c*re  we  are  aware  from  low 
and  almoft  ridiculous  Beginnings  to  an  incredible;^ 
Bignefs  and  Height.  I  am  not  therefore  to  be 
very  much  blamed,  if  I  fometimes  feem  to  be 
more  curious  and  prolix  than  there  is  occafion  for, 
in  things  feemingly  of  not  much  Weight,  fince 
Reafon  requires,  that  I  fhould  add  fome  Light 
to  thofe  Things,  that  I  know  to  be  of  very  great 
Moment. 

But  as  to  thofe  Controveriies  which  I  frequently 
move,  none,  I  fuppofe,  can  fufpeft  that  any  of 
them  detrafts  from  the  Certainty  of  the  Mathe- 
matical Sciences  -,  fince  they  are  converfant  about 
Things  very  remote  from  the  Foundation  of  the 
Mathematics.  Thefe  Qucftions  do  fcarce  touch 
the  outmoft  Skin  of  Geometry,  much  lefs  reach 
its  inward  Bowels.  Thefe  Rj^ms  do  not  fhake  itR 
Principles,  nor  overthrow,  or  at  all  difturb,  its 
Reafonings.  While  Contentions  and  Strifes,  Cla- 
mours and  Janglings  do  arife,  and  make  a  Noife, 
in  its  Confines  and  Suburbs,  a  deep  Peace  and 
profound  Silence  dwells  within  the  Walls,  and  in 
the  Citadel  itfelf  •,  nothing  is  there  heard  of  Con- 
troverfy  or  Oppofition. 

Albeit  we  take  Examples  as  well  elfewhere,  as 
from  the  moll  modem  Controverfies  we  have 
handled  ;  it  has  been  difputed  what  was  the  ge-^ 
nuine  Notion  of  Equality^  from  whence  it  is  moft 
conveniently  defined,  whether  it  may  be  demon- 
ftrated,  what  Axioms  are  affumed  about  k  -,  but 
no  Body  doubts  whether  thofe  Axion^  be  true  -, 
and  confequently  no  Body  will  diffent  from  the 
Conclufions  inferred  by  their  Help.  It  is  enquired 
concerning  the  Nature  and  Number  of  Principles, 
and    concerning  the   Method    of  obtaining  the 
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Knowledge  of  them,  whether  thev  are  innate  or 
comparate,    whether  they  depend  upon   general 
Indi^dn,    or  particular  Obfervation  only ;    but 
yet  their  Truth  remains  &k  and  found,   and  is 
placed  beyond  all  Doubt.    It  is  doubted  and  con- 
troverted whether  Euclid  gives  a  good  DefinitiQa 
of  Paralldifm  from  a  Negation  ci  die  Meeting 
c^  Right  Lines  infinitely  produced ;  but  I  belkve 
no  B^y   has  denied,   but  there  may  be  Right 
Lines,  which  by  this  Means  can  never  meet  to- 
gether, and  which  are  not  unapdy  ftikd  Parallel.  • 
It  b  denied  by  fome  whether  the  fame  Euclid  has 
juftly  afTumed  it  for  a  Principle,  that  two  Ri^ 
Lines  will  meet  one  another  from  that  Part,  on 
which  the  laid  Lines  do  make  the  internal  Angles 
with  an  infilling  Right  Iak  lefler  than  two  Right 
Angles  ;  yet  fo  that  the  Truth  of  the  Propofirion 
itfelf  is  called  in  Queftion  by  none.     Alfo  Geome- 
tricians contend,  and  the  Matter  is  ftill  undecided, 
whether  Euclid  has  made  a  right  Choice  in   that 
AfFedlion  of  Proportionals  by  which  he  defines 
them ;  yet  the  Truth  of  that  Propofition  is    pre- 
ferved  under  the  Form  of  that  Theorem  laid  down, 
to  which  no  wife  Man  refiifcs  his  Aflent.     I  could 
produce  many  more  Examples,  by  which  it  may 
appear,  that  the  Differences  among  Mathematicians 
are  no  Prejudice  to  the  Certainty  or  Evidence  of 
the  Mathematics,  but  do  rather  argue  their  invin- 
cible Truth  and  pure  Brightnefs,  wliich  no  Tumults 
of  Difputations  can  overthrow,  no  Clouds  of  Dif- 
cord  overfhadow.     Nor  is  this  to  be  wondered  at, 
fince  it  is  not  here  contended  about  the  Truth  of 
Principles^  but  about  the  Order  of  fome  Propofi- 
tions  -,  not  about  the  Certitude  but  the  Method  of 
Science,  rather  only  about  the  Exteriors  of  Philo- 
fophy  than  of  the  Madiematics  ;  the  Knowledge  of 
which  is  indeed  of  no  little  Weight,  as  conducing 
to  a  full,  diftinft  and  accurate  Comprehenfion  of 
6  the 
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h6  Things  handled  in  the  Madiematics,  but  when 
x>rf^red  with  the  Principles  of  Geometry  (thefe 
Principles,  while  the  Truth  of  whiqh  continues  fafe, 
10  very  great  Inconvenience  can  befal  the  Mathe- 
siatics,  no  geometrical  Conclufion  can  be  rendered 
invalid) ;  I  lay,  when  compared  with  thefe,  the 
Things  about  which  we  are  contending  can  be' 
jiought  little  or  nothing  at  all :  So  true  is  that 
Saying  alfo  here. 


-Minimas  rerum  difcordia  vexat. 


Paccm  fumma  tenent- 


Difcord  (we  fee)  does  vex  the  leaft  of  Things^ 
^egreateft  are  at  Peace 

Neither  therefore  do  I  think  this  ContentiouCiefs  or 
Inqlination  to  difpute  about  the  Things  belonging 
to  this  Science,  to  be  of  any  ill  Confequence,  fince 
it  affefts  not  their  Stability,  but  is  ufefiil  to  their 
Accuracy.  Efpecially  fince  my  Endeavours  are 
for  no  odier  End  but  that  by  disputing  I  may  ut- 
terly eradicate  and  remove  all  Caufes  of  Difputa- 
tion,  weighing  as  far  as  I  am  able  the  Reafon  of 
Things  in  tlie  Ballance  of  Experience  ;  and  re- 
ducing all  Things  from  metaphyfical  Niceties  to 
common  Senfe.  Nor  do  I  invent  many  Queftions 
of  myfclf,  but  find  them  fomewhere  (though  for 
the  moft  Part  lighdy  touched),  interpofing  my 
Opinion  fupported  with  fome  Arguments,  and 
committing  the  ultimate  Decifion  to  your  own  Ar- 
bitration'. I  have  alfo  religioufly  kept'and  obferved 
that  moft  equitable  Rule  of  (d)  Jriftotlej  which,  if 
I  remember  well,  was  quoted  before,  but  is  wor- 
diy  of  being  often  repeated.  TUngs  /aid  will  be 
more  credited  if  the  Reafons  he  firft  beard  on  both 

(d)  Dc  Calo  L  loj 
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Sides  of  the  ^eftion't  F^  U  dpes  not  become  us  tf 
^ive  Sentence  without  bearing,  the  Caufiy  or  condemn 
em^  Side  unheard.  They  vobo  are  wilMng  to  judge 
well  of  the  Truth  ought  not  to  be  Adverfaries  (on 
either  Hand)  but  Arbitrators.  Than  which  Send- 
ment  nothing  is  more  juft,  ndore  facred,  or  moie 
prudent. 

Moreover  I  may  be  excufed  for  dwelling  longer 
than  ordinary  upon  thefe  general  Things  by  wiy 
of  Proem  and  Prelude :  Ftrjl^  Becaufe  among  them 
many  Things  are  found  not  unworthy  of  Obierva- 
tion,  nor  every  where  obvious  and  vulgarly  uled, 
but  either  for  the  moft  Part  do  not  occur,  or  elie 
are  mote  fparingly  explained ;  zt)A  ^fb  becaufi  of 
certain  Paradoxes,  ufefiil  for  whettbg  the  Genius, 
and  exercifing  the  Judgment.  Again,  a  diftinft 
Conception  generally  fcems  to  contribute  very 
^Tiuch  to  the  eafy  Underftanding  and  perfeft  Know- 
ledge of  what  follows.  For  fo  many  famous  Problems 
being  piiblifhcd  by  Mathematicians,  fo  many  ex- 
cellent Theorems  dcmonftrated  about  various  Prin- 
ciples, vvz,  about  Magnitude^  Number^  Spac^^ 
Motion^  Thne^  Velocity^  fVeight^  about  Compofition 
and  Divifwrtj  Termination  and  Figuration^  Equa- 
lity and  Inequality^  Symmetry  and  AJfymetiy^  Pro- 
portion and  Proportionality y  Similitude  and  Dijfimi- 
litude.  Determination  and  Indetermination^  and 
other  fuch  like  Things  •,  is  it  not  of  great  Ufe  to 
have  the  previous  Notions  of  thcle  genuine  and 
adequate  ?  Such  as  though  I  do  not  perftftly  teach, 
at  leafl  I  give  an  Occafion  of  acquiring,  to  you 
who  more  maturely  examine  the  Realons  propofed* 
However  it  is  of  no  fmall  Concern  to  the  Stu- 
dents of  thofe  Sciences  to  be  familiarly  acquainted 
A^ith  their  common  Genius  and  Nature.  And  in- 
deed I  have  often  confidered  that  the  mofl  learned 
Men  do  fometimes  fpeak  crudely  and  improperly 
about  Mathematical  I'hings,  and  fometimes  reafon 
6  faUly 
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fidfely  from  a  lefs  attentive  Confideration  of  thefc  Gene-- 
rally  having  imprinted  depraved  or  confufed  Notions 
upon  their  Minds.  Befides,  I  willingly  fubmit  to 
fuch  of  you,  I  confiilt  your  honcft  Pleafure,  who, 
being  k&  fit  for  the  more  abftrufe  Myfteries  of  the 
Mathematics,  do  differ ;  and  yet  are  both  defirous 
and  capable  to  receive  fome  Talbe  of  thofc  mofl 
pleaiant  Sciences,  to  behold  fomething  of  their 
Fleafure  and  Profit,  as  it  were  at  a  Difhnce ; 
whom  I  would  by  no  means  fend  away  deprived 
of  their  Hope,  difappointed  of  their  Labour,  and 
troubled  at  the  too  great  Difficulty  or  apparent 
Obfcurity  of  Things  :  Nor  do  I  deny  but  I  have 
lor  the  moft  part  fuited  both  the  Matter  of  my 
Difcourfe,  and  the  Manner  of  expreffing  it  to  your 
Capacity,  and  nuny  Things  are  faid,  which  I  would 
otherwifc  have  been  filent  of,  many  Things  pafled 
by,  which  I  would  otherwife  have  faid. 

But  I  am  afraid  the  dry  Subtilty  of  the  parti- 
cular Demonflrations,  which  the  inward  Parts  of 
the  Mathematics  abound  with,  their  extreme  Ri- 
gour requiring  the  clofeft  Attention,  and  their  Way 
of  argumg,  will  fomewhat  offend  and  deter  the 
moft.  Thofe  Subjefts  (not  to  diffcmble)  are  in 
my  Opinion  not  fo  convenient  for  publick  Lec- 
tures of  this  Kind,  therefore  I  willingly  make  fome 
Delay  in  thefe  which  are  not  fo  barren  and  un- 
pleafant  -,  yet  ftudying  to  interfperfe  certain  Things 
belonging  to  the  more  inward  Part  of  the  Mathe- 
matics, and  henceforward  I  fhall  continue  fb 
to  do. 

Moreover  while  we  are  profecuting  thofe  Genf^ 
rals^  I  imagine  fome  Time  is  to  be  granted  them, 
who  give  their  Attendance  to  thefe  Le^hires,  and 
who,  being  not  content  juft  to  tafte  of  thofe  Sci- 
ences, are  defirous  to  immerfe  themielves  deeper, 
and  wholly  wafh  in  the  Sea  of  Mathematical  Learn- 
ing, and  be  throughly  inftrudied  in  the  EUmcnts 
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of  Geometry  y  t6  which  I  earaeftiy  intreat  fodi  not 
to  be  negligent  m  apidymgdnrSciadiei  %  ocherwlfe 
I  bdieve  k  wiU  be  mqioffibie' fitmi 
ftnife  Inftniftions,  najr  or  ibuoe  from  die  nont 
clear  of  any  Matheinadcal  IXicipEne»  to  driw  uf 
Thii^intelligiUetDtheHeami-  but  like  an  cng- 
madcal  SpUnx^  or  (bme  db&xxt  Heradims^  I  Audi 
feem  to  utter  mere  Riddle^  and  be  inralTed  in 
thick  Darkne&    But  if  I  knew  that  die  moft  cf 

rtu  were  ininatfid  in  the  Elements  of  Geomaiy, 
could  I  hofit  with  fome  Fmk  and  Flnfire  a> 
yourfelves,  either  ky  open  die  kiweft  Foundadooi 
of  fingplar  ]^ci^fiiie8»  and:  codiihtt  tlie  principal 
Rides  eftabliflied  by  their  Demonftratioos  i  or,' 
wW  is  very  delig^itful  to  be  known*  and  efte- 
dally  becomes  the  Students  of  an  Unrnafity  (on 
which  fort  dl  Perfons  it  is  incumbent  above  others 
to  imbibe  the  Study  of  the  ancient  Wifdmn  and 
Difciplines  from  their  Fountains^  could  fearch  out 
the  Method  of  the  old  Mathematicians  in  invent- 
ing and  dcmonftrating  their  Theorems ;  or  (which 
is  the  principal  Scope  and  highcft  Apex  of  the 
whole  Mathematics^  could  exhibit  certain  gjcneral 
Methods,  demonftratcd  and  iUuftrated  by  Exam- 

?les,  for  the  more  eaiy  Refolution  of  all  Sorts  of 
Voblems,  the  Invenuon  of  Theorems,  and  the 
Conftrudion  and  Demonftration  of  thefe  as  well  as 
thofe  ;  many  of  which  Sort  of  Methods  moft  ufe- 
ful  and  elegant,  unknown  to  the  Andents,  at  kaft 
not  committed  to  Memory,  has  the  Induftry  erf  the 
Moderns  invented  and  brought  to  Light.  Of 
which  Sort,  by  the  Way  (befides  the  new  Method 
of  Analyfts^  chiefly  cultivated  by  Vieta  and  Cartel 
ftus^  almoft  eoual  to  every  foluble  Queftion)  is 
Cavellarius'%  Method  of  hidiviftbles^  which  alieady 
tus  been,  but  never  fufHciently  can  be,  paifed  i 
the  Method  Circa  Maxima  &  Minima^  mo  very 
uieful  for  the  moft  expeditious  Solution  of  very 

many 
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many  Problems ;  the  various  general  Rules  of  in- 
veftigadng  the  Tangents  of  Curves ;  the  Ways  of 

?roducing  Curve  LineSy  and  inveftigating  their 
Vopertics  from  the  Dependance  and  Compofttton  of 
Motions  ;  the  Ways  of  comparing  different  Series 
of  Magnitudes^  increafing  or  decreajing  in  a  certain 
Order,  and  from  thence  determining  the  Mea» 
fures  of  innumerable  Planes  and  Solids ;  the  general 
Rules  for  readily  finding  the  Centers  of  Gravity  iii 
*  all  Kinds  of  Magnitudes,  alfo  of  eafily  deducing 
the  Dimenfions  of  the  Magnitudes  themfelves  frim 
the  Centers  of  Gravity  found  ;  with  fome  few 
other  Things  of  leflTcr  Note.  Any  of  which,  if  I 
fhould  now  undertake  to  handle,  I  am  afraid  the 
moft  Part  would  not  perfeftly  underftand  my 
Meaning  from  the  vanilhing  Words  of  an  Ora- 
tion •,  at  leaft  ftt)  deal  familiarly  with  you)  if  I 
may  be  permitted  to  make  an  Eftimatc  of  other 
People^s  Capacities  from  my  own,  I  confefe  my 
felf  {o  dull  and  unapt  that  I  can  much  eafier 
underftand  that  which  is  plainly  laid  before  my 
Eyes,  than  that  which  is  infinuated  through  the 
treacherous  Caverns  of  my  Ears. 

Laftly,  To  put  an  End  once  to  this  exceffive 
Loquacity,  as  for  my  own  Part,  it  would  be  much 
eafier  for  me  (but  I  muft  not  do  it)  to  draw  cer- 
tain particular  Subjcdb  out  of  the  wealthy  Store  of 
the  Mathematics,  or  demonftrate  fome  fingular 
Conclufions,  (of  which  a  vaft  Plenty  arc  common 
at  every  one*s  Hand)  than  to  float  on  this  Ocean 
of  PhilofophicO'Matbematical  Difquifitions-  I  do 
not  therefore,  in  the  Profecution  of  thcfe  Generals ^ 
lacrifice  any  Thing  to  my  own  Lcifure,  but  rather 
to  your  Profit ;  I  do  not  gratify  my  own  Defire, 
but,  as  far  as  I  can  guefe,  for  the  moft  Part  yours : 
I  aft  at  your  Pleafurc,  being  always  ready  and 
moft  intent,  as  for  as  I  am  able,  to  fatisf^  and 
obey  your    ingenuoy;  Requefls,   or  more  juftly, 

R   2  >IQ0O£ 


244        Matbematical  Leffures.    Lect.XIV. 

your  G>mmands.  Thus  I  have  pleaded  tny  Caufe 
without  being  cited  ;  I  have  framed  an  Apology 
without  being  accufed  w  challenged  by  any  I 
know  of;  but  how  can  I  clear  myfelf  of  Breach 
of  Faith,  and  fh>m  the  Non-peHbnnance  of  the 
Promife,  by  which  i  obliged  myfelf  in  this  Lix- 
turc  to  xreaitoi  Proportion  f  So  it  happens  in  many 
Things  we  oblige  ourfelves,  and  promife  others 
what  we  can  hardly  perform ;  we  more  eafily  en- 
gage our  Faith  than  difcharge  it.  Indeed  to  one 
who  runs  over  this  Subjeft  in  his  Thoughts,  fb 
many  Difficulties  ofier  themfelves  to  be  explained, 
lb  many  Queltions  to  be  difcufled,  and  fc^  many 
different  Sentiments  to  be  confideied,  that  I  can 
fcarce  fuftain  the  entring  fb  great  a  Sea  fer  want 
of  Time,  the  Term  being  fb  near  an  End.  Ne- 
verthelefs,  by  this  Prelude  I  may  perhaps  gain 
fomething,  and  pave  the  Way  for  expounding  a 
mofl  fubtle  Matter.  And  fince  I  have  faid  no- 
thing to  the  Purpofe  in  this,  I  will  endeavour 
to  compcnfate  the  Defe£t  in  the  two  remaining 
Leftures. 


TTTttt  •  tTTTttTTVTTvT^TT  TTVTTTfttTtTTttttt 


LECTURE    XIV. 

Of  the    different  Acceptations   of  the  Word 
Meafure. 

TH  E  laft  Attributes  of  Magnitudes  we  ccm- 
fidcred  were  their  Equality  and  Inequality^ 
whofe  genuine  Notions  we  have  aflferted  as  fiir  as 
we  are  able.  Reafon  or  Proportion  now  follows 
in  Order,  becaufe  this  is  almoft  nothing  elfe  but 
a  certain  Determination  of  Equality  or  Inequality 
«fulting  from  the  Comparifon  of  Quantities.    For 
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fincc  generally  Ipeaking  Quantities,  which  are 
comparable  with  one  another,  may  receive  infinite 
Modes  of  Tnequality^  by  receiving  from  Equalky 
(which  is  fimple,  and  as  I  may  fay  of  one  Mode), 
therefore  the  Determination  expreflcd  in  Numbers, 
or  other  fit  Terms,  of  fome  of  diefe  particular 
Modes  appropriated  to  the  Things  compared,  is 
wont  to  be  called  their  Proportion^  whereby  is 
fignified,  whether  they  are  equals  or  upon  what 
certain  peculiar  Account  they  are  unequal.  Yet 
this  principal  Property  of  Magnitudes,  that  we  may 
the  more  diftinftly  and  clearly  explain  it,  feems  to 
require  both,  that  we  firft  expound  Menfurabilit^ 
dut  noble  Affeftion  of  Magnitudes,  bccaule  of 
the  Symmetry  and  Affymetry  which  neceflarily  in- 
tervenes with  the  Doftrine  of  Proportion^  and 
that  we  confider  a  little  the  Aptitude  and  Ineptitude 
of  Quantities  for  Comparifon^  which  Things  being 
well  underftood  it  will  be  eafy  to  judge  of  the  Na- 
ture of  Proportion. 

As  to  Menfur ability y  this,  as  to  its  Name,  de- 
ferves  to  be  more  curioufly  weighed,  becaufe  fi'om 
hence  a  Name  is  impofed  upon  that  Mother  and 
Mifirefs  of  the  reft  of  the  Mathematical  Sciences, 
which  is  employed  about  Magnitudes,  and  which 
is  wont  to  be  called  Geometry  (a  Word  taken  from 
ancient  Ufe,  becaufe  it  was  firft  applied  only  to 
meafuring  the  Earth  and  fixing  the  Limits  of 
Poffeflions)  though  the  Name  feemed  very  ridi- 
culous to  Plato^  who  fubftitutes  in  its  Place  that 
more  extenfive  Name  of  Metrics  or  Menfuration  \ 
and  others  after  him  give  it  the  Title  of  Pantome-- 
/ry,  becaufe  it  teaches  the  Method  of  meafuring 
all  Kinds  of  Magnitudes.  Though  neither  do 
thefc  attribute  a  Name  proper  or  adequate  to  it, 
fince  this  Science  does  not  only  contemplate  that 
Affeftions  of  Magnitude,  but  alfo  fome  others 
witfi  which  nothing  is  interfperfcd  belonging  to 
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/  Meafun.  For  it  doa  not  only  itfpeft  the  %«- 
\  ^Hes  of  Magnitudes,  bat  inveftigates  and  demoo- 
/  firatcs  their  polities  alio  (1.  e.  with  wbit  2)^ 
yE/J9Ji  of  Parts,  with  ^iriiat  Pigure  fSacf  ait  m« 
dowed,  whether  r(^  or  curved^  fmm  or'  j^ 
|«vj,  direa  or  fjiyZnr,  rwaJ  or  at^ulm)  m  like 
manner  how  they  are  fituatei^  u  e.  what  daermi* 
fuue  Pofition  they  obtsun.  I  iky  it  equally  coofi*^ 
ders  the  Species  and  SimUUudis  of  Magnitudes,  as 
Inrell  as  their  Me^ures  and  Pnp&rims.  Mottovcr^ 
w  to  Pra&ice  ideUv  it  not  only  teaches  acmifan 
Magnitudes  together  by  meafurif^  them,  but  alfo 
to  c^iitaej  de/mbe^  and  trtm^rm  tbem^  and  to 
find  their  Centers^  DiameierSf  and  Tst^mis  with- 
out aoy  nffiid  to  Qs^mtity. 

From  whence,  by  the  Way,  it  appean  dat  Gm- 
mefry  is  not  badly  defined  by  moft,  fbe  Art  «r 
Science  cf  Meafuritig  ;  or  the  Science  of  Magnitude^ 
4is  it  is  menfurable.  Thefe  DefcriptiGns  which  arc 
delivered  by  Mr.  Hobbes's  Cenfurcr,  Mr.  Hobbes 
does  fomcwhcrc  carp  at,  and  pretend  to  corrcdb, 
but  produces  no  better  Definiuon,  nay  one  more 
elaborately  unfit  and  evidently  giulty  of  the  fame 
Fault.  Geometry  (fays  he)  is  the  Science  of  deter- 
tnining  the  Magnitude  of  any  Thing  not  meafured^ 
ty  its  Comparifon  with  another  me^ured  Magnitude 
€r  Magnitudes.  But  I  afk  thofe  Definers  of  our 
Science;  when  the  Geometrician  hifeHs  a  RigH 
JJne^  or  a  ReSlHineal  Angle ;  when  he  erelfs  or  lets 
fall  a  right-lined  Perpendicular  from  ^ given  Point ; 
'  when  he  draws  a  Parallel  to  a  given  Right  Line 
through  a  given  Point ;  or  when  he  draws  a  rights 
lined  Tangent  to  z  given  Curve ;  when  he  conftitutes 
an  equilateral  Triangle^  or  Square,  upon  a  given 
Right  Line  ;  when  he  defcribes  a  Circle  through 
three  given  Points,  or  circumfcribes  a  Circle  about 
a  given  Triangle  ;  when  he  inveftigates  xht  Center 
pf  a  given  Circumference^  or  the  Fwts  of  a  given 
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Cmnc  SeSion  :  I  fay,  when  he  does  many  fuch 
Things,  and  refohes  Problems  refpciSting  only  the 
Pofttion  of  Magnitudes  -,  whcdicr  docs  he  perform 
ihe  Of&ce  of  a  Geometrician  as  he  ou^t,  and 
when  he  compares  Magnitudes  together  this  Way, 
as  to  their  C^ntity,  what  Relation  have  they  to 
any  MsafureT  Why,  none  at  all  ;  he  only  deter- 
mines the  Situation  of  Lines^  and  enquires  after 
the  Pofttion  of  certain  Points.  I  pafs  by  that  the 
Geometrician  equally  confiders  the  Motions  by 
which  Figures  are  generated,  fs?f •  Thefe  Defini- 
tions therefore  arc  inadequate  and  incongruous, 
and  founded  upon  falfe  Prejudices,  He  therefore 
aflfign^  this  Science  a  more  appofite  Compellation, 
whoever  he  was,  that  thought  it  ought  to  be  called 
ptytS-ixifr,  i.  e.  the  Science  converfant  about  Mag-- 
nitudesj  and  which  JpeculateSj  i.  e.  enquires j  invents^ 
and  demonftrates  all  its  Affeftions.  Confequently 
it  is  not  ill  defcribed  by  Proclus  5  *The  Knowledge 
of  Magnitudes  and  Figures^  and  their  Limitations ; 
Alfo  of  their  Reafons^  AffeSiionSy  PofttionSj  and 
Motions  of  every  Kind.  Yet  it  is  not  to  be  denied, 
but  a  great  Part  of  this  Science,  and  its  chief  Ufc, 
confifts  in  this,  that  the  Quantities  of  Magnitudes 
are  known  and  computed  by  Comparifon  ;  i.  e.  that 
they  are  capable  of  Meafure.  Wherefore  we  will 
fpend  fome  Labour  in  explaining  this  Aficftion  of 
Magnitude. 

Firfi  then  we  will  endeavour  to  unfold  the 
Ambiguities,  and  various  Significations  of  the 
Word  Meafure^  with  its  confequent  Menfurable 
fi*om  menfurare  to  meafure,  and  other  fuch  parony- 
mous  Terms ;  and  that,  as  well  becaufe  a  thorough 
Knowledge  of  this  is  both  pleafant  and  ufefiil  of 
itfelf,  as  left  we  fall  into  Error  by  being  deluded 
and  diftraded  by  the  various  Significations  of  fo 
dubious  a  Word,  which  fometimes  happens ;  and 
laltly  that  we  may  have  a  more  diftindt  Know- 
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ledge,  what  is  the  prin^al  Nodoil  of  tUt  FhK 
pertv.  And  indeed  if  ive  fcgud  die  popidar  Ul^ 
of  me  WcMxl  Mu^n^  dnie  ftaioe  occin  aajr 
Word  wittled  to  gioreS^gnifiritinM,  or  dtttmoic 
iiequendy  obtains,  ortnoieapdj  adnuttof  Mela- 
phcmcal  Senfe*  For  inflanoe,  ip  a  Gvoi  Mm 
r^biResfm$j  mifht  Prefer^  rf  yirtmntCMStA 
mtA&afiiudt  dielJfevid^winersi  toan  Al- 
oiriM  eartbfy Pkafiire \  toAtCmietnis Mtm  Chm\ 
and  to  the  Amhittms  temp^rd  P#iwr  and  <3mj  \ 
becaufemoftlydieDefi^^'Sndeavovri  and  Ani- 
ons ateb/dKxfeMendireAed  and  admted  to  Ibdi 
Things:  The  Cnfim  or  Ofmm  of  tbp  piufk  h 
called  the  Nbafitn  of  Decekn^  as  to  the  canal 
Circomftances  of  Thingi :  CmmMUfe^Mm^ 
fun  or  Rule  of  Spacb^  and  die  SinUk^am  «f 
H^tfrds.  Widi  (n)  Ari/totk,  Law  is  defcribed  die 
Meafure  of  Jujiicej  becaufe  a  Thing  is  declared 
juft^  according  to  its  Agreement  with  it.  Alio 
with  the  fame.  Science  b  termed  the  Mtajure  of 
yWipj,  becaufe  the  juft  Limits  of  (b)  ^ngs  arc 
determined  by  it,  and  it  (hews  how  diey  are  related 
to  one  another,  and  to  what  they  tend.  With 
Cicero^  it  is  put  metonymically  for  the  Judgpient 
itfclf,  or  the  Faculty  whereby  the  ^anttty  of 
Things  is  difccrned  or  eftimatcd,  when  he  lays, 
fyhatjbever  falls  under  the  Mcafure  of  the  Ears  is 
called  Number ;  i.  e.  whofe  Quantity  may  be 
judged  by  die  Ear.  Alfo  Meafure  is  uted  for  the 
definite  Quantity  of  any  Thing,  as  in  thofe  goldeq 
Verfcs  of/«w«tf/. 


-Menfora  tamen  qu« 


Sufficiat  censOs,  fiquis  me  confuTat  edam  : 

In  quantum  fids  atque  fames  &  frigora  polcunt ; 

Quantum,  Epicure,  tibi  parvis  fufTecit  in  hoitb, 

(d)  Ti>p.  VI.  ?;  p)  Met  X-  I 
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Quantum  Socrarici  ccperunt  ante  pcnates. 
Nunquam  aliud  natura,  aliud  fapientia  dicit. 
Which  may  be  thus  rendered, 

Tet  if  Pm  ajk^d  what  Meafure  mayfuffice 

Of  Store  ;  /  ^nfiver^  ji^  as  much  as  willy 

O  Epicurus,  keep  thee  from  tVAffauUs 

Of  Hunger^  Thirfi^  and  Cold  %  what  grows  within 

uby  little  Gardens  will  afford  enough j 

Or  what  the  Houfes  heretofore  contained 

Of  tbefage  Followers  of  Socrates. 

Nature  and  JVifdom  always  fpeak  the  fame. 

And  elfewhcre  the  fame  Juvenal^ 

Sed  (juae  prseclara  &  profpcra  tanti 
Ut  rebus  la^tis  par  (it  Menfura  nndorum  ? 
■  I  But  what  Conditions  are 

So  fortunate  and  happy  as  f  obtain 
-/f  Meafure,  juft  the  fame  of  good  and  ill. 

To  which  I  add  Lucan^ 

Fuit  haec  Menfura  Timoris 
Velle  putant  quodcunque  potcft- 


ms  was  the  Meafure  of  their  Fear  ;  whatever 
Is  in  bis  Power ^  they  think  is  in  his  Will. 

i.  e.  the  Romans  feared  all  that  fix)m  Cafar^  which 
they  law  in  his  Power ;  and  becaufe  he  was  able 
to  do  all  Things  againft  them,  they  feared  all  Things 
from  him.  And  no  otherwifc  is  that  Sentence  of 
Heftod  to  be  taken,  where  he  commands  Benefits 
to  be  returned  in  the  fame  Meafure^  i.  e.  the 
fame  ^antity  wherein  they  are  received  ;  or  even 
with  Jntereft  dvT(S  rS  /^tpm,  xoii  Kmov :  Alio  in 
die  iacred  Writings  the  Word  ^ergov  Meafure  has 
fometimes  the  fame  Senfe  ;  as  in  Rom.  xii.  3.  Ac^, 
wording  as  God  hath  dealt  to  every  Man  the  Meafure 
pf  Faith,  I.  e.  according  to  the  certain  and  definite 
^antity  of  Faith,  which  he  hath  difpenfed  to 
every  pnc, 
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But  it  would  be  endlcfs  to  rehearfc  all  the  triteyfl 
common  and  improper  Acceptations  of  tliis  Word* 
Yet  one  or  two  of  the  more  noted  of  thefe  dc- 
ferves  to  be  lightly  touched,  as  coming  nighcr  the 
Nodon  of  Mdtbanatkal  Meafure^  and  in  party?r^ 
viceahie  to  it*  Such  in  the  firfl  Place  is  tha^^ 
whereby  Meafun  every  where  defigns  the  Quan- 
tity of  a  Thing  juftly,  duly,  and  conformably  to 
Nature  or  Realbn,  which,  if  it  cither  exceed  or 
fell  fliort  of,  is  accounted  for  deformed »  vinous^ 
or  monftrousi  and  confequently  in  refpcd  ofj. 
which,  every  Virtue  in  Morality,  every  Beauty  in^ 
Nature,  and  every  Utility  in  An  is  eftimated.  In 
Morality,  I  fay,  every  Virtue  is  reckoned  as  weli 
from  a  certain  Maderamen  of  the  Affcdiom  as  Mw 
dwcrity  of  the  Adions^  i.  e,  from  their  juft  and  due 
Quantities  difcovcred  by  the  Prelcript  of  Pru- 
dence, or  right  practical  Rcafon,  And  in  like 
manner  Vice  feems  to  confift  in  the  Excefi  or  Dc- 
fefk  of  diis  Quantity,  and  to  be  nothing  but  an 
Exorbitance  or  Irregularity  of  the  Afie&ions  and 
Aftions,  from  the  ftated  Meafure  of  the  Manners. 
None  of  you  can  be  ignorant  tfiat  Atifiotle  c<mi- 
ftitutes  the  Form  of  Virtue  and  Vice  in  thefe. 
And  Plato  (contrary  to  what  fomc  fuM)ofe)  moft 
exprefly  gives  his  Aflent  the  fame  way  in  dicfe 
Words,  {a)  ^at  which  exceeds  or  falls  Jhort  of  the 
Nature  of  due  Meafure  or  Mediocrity,  ertbeir  m 
Words  or  Deeds  \  Jhall  we  not  fay  that  i/  con^-^ 
tutes  the  red  Difference  of  good  Men  from  iUf  To 
•which  Words  Socrates  puts  his  ^Juitrm  (it  is  mdni- 
feft).    And  to  thb  may  be  referred  that  of  Heftod^ 

Meafure  is  hefi  in  all  TTnngSy  and  whatier 
Exceeds  the  Bounds  of  that^  is  counted  had. 

(a)  See  tb«  Dialogue  inferibed  HaAiriMf . 

Whatfoevcr 
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Whatfoever  agrees  with  or  comes  up  to  this  Mea- 
Jure  is  faid  to  be  a  Mean  or  to  preferve  a  Mr- 
dium^  and  is  efteemed  Praiie*worthy  \  and  what- 
foever recedes  or  falls  from  it  is  termed  irr^ular, 
and  is  wont  to  be  taken  for  ^  Vice.  From  whence 
every  where  they  who  moderate  and  govern  their 
AflTc^ons  well,  efpecially  their  Ambition  and  Ani- 
molity,  are  (aid  to  be  Temperate  \  nor  is  any  Po- 
licy to  be  accounted  more  worthy  cH  Praife.  But  I 
unwittinglv  fall  into  Ethics^  I  will  retreat ;  only 
give  me  leave  to  fubjoin  Plattf^  Saying  concern- 
ing Pleafure  in  Comparifon  with  Knowledge  and 
Reafon.  Nothings  fays  he,  can  he  more  J^cuUly 
reduced  to  ajuft  Mcafure  than  Pleafure^  and  no- 
ibing  is  more  eaftly  contained  within  dut  Bounds 
than  Knowledge  and  Under/landing. 

Alio  in  natural  Things,  Shape  or  Beauty  is  rated 
according  to  this  Meafure^  i.  e.  according  to  a  cer- 
tain jufl  Magnitude.  Thus  he  is  efteemed  mon- 
ftrous,  or  deformed,  that  exceeds  a  certain  deter* 
tninate  Stature  of  Body  by  a  Giant-like  Tallnefs 
or  Thicknefs,  or  is  difagreeably  flender  or  fhort, 
or  has  fome  Parts  immoderately  jutting  out  or 
finking  inwards,  or  has  any  Thing  deficient  or  re- 
dundant in  Number  or  Bignefs. 

In  like  manner  in  artificial  Things  it  is  judged 
from  fuch  a  Meafure  what  is  comely  and  con- 
venient. For  almofl  all  Arts  aim  at  nothing  elfe, 
but  to  give  the  Things,  about  which  they  are 
converfant,  a  certain  jufl  Quantity,  accommodated 
to  certain  defigned  Ules  or  Appearances.  Whence 
Plato  makes  all  Arts  to  be  Portions  of  the  jirt  of 
Meafure^  teaching  to  direct  their  Endeavours  to  a 
Medium,  that  Praftitioners  may  render  their  Works 
ufcful  and  comely,  The  Art  of  Meafuring^  fays 
he,  is  fo  divided  into  twOy  that  one  of  its  Parts 
contains  all  the  Arts^  that  compare  together  Num^ 
kersp  Lengths^   Depths^  Breadths^  and  Velocities ; 
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end  the  Mber  ibi  remmiMg  Arts  r^h^  wbti  is 

fUi^s  aim  at  a  MeaHf  avriSt^  the  ExSrHsms. 

But  we  have  exceeded  our  Bounds  conrrmiiig 
dus  popular  Accepcatbn  (  yet  we  will  juft  glhoce 
at  anodierof  kin  to  it,  aoooiding  to  wfaidh,  M/tuh 
fun  defigns  {omcftated  Pattent^  oommonly  known 
and  proved)  expofed  to  the  Senfes^  or  eompre- 
hended  by  die  Underftandiiu(,  bynriudidKQoui- 
dties  or  Values  of  odier  Thi^B  ^'^Vl^  w  >re 
wont,  to  be  examined.  This  Soct  cfMu^jkn  k 
twofidd,  vbs.  Natural  and  ArhiSraiy.  Hie  jMi- 
trary  is  fiidt  as  is  propounded  \n  pdUk  Audio- 
Tity^r^^,  Jtr^Sy  RmUs)  for  the  Sdu  of 
Conformity  or  Agjreement  i  fhxn  whidi  dfacr 
Meafures  do  borrow  thor  Ri^ht,  Name,  andRea- 
Ibn  of  Meajurcy  and  are  no  otherwife  ^ajkres^ 
than  as  they  agree  with  thefe  Originals.  Bat  the 
Meafure  of  every  natural  Thing  is  diat  which  is 
the  firft  and  moft  perfed  in  that  Gmus :  As  the 
DVoine  Nature  is  the  Meafure  of  Gooinefs  and  fyif- 
dtnnj  becaufe  God  alone  is  ori^nally  of  himfdf 

food  and  wifej  and  other  Things  are  only  ib  far 
*artakcrs  of  Goodnefs  and  H^tfdom^  as  they  have 
any  Agreement  widi,  or  Refemblance  of  me  JW- 
vine  Goodnefs.  Every  Thing,  according  to  Plato^ 
has  fuch  a  Meafure^  the  eternal  and  indefeBtUs 
Idea  of  itfelfj  viz.  feme  moft  exaft  Pattern,  from 
its  Similitude  or  Correfpondence  with  which  it  is 
accounted  true^  comely j  and  perfeUj  and  if  k  dif» 
agree  the  leaft  from  k,  it  is  fo  fiir  vidousj  de^ 
formed,  and  imperfe£t.  And  in  the  end  of  his 
Philehus  he  difpofes  Meafure  in  the  firft  Place 
among  the  prime  and  eternal  Things.  ^Tbmfbeit 
tell  all,  O  Protarchus,  both  fending  Meffengers  tlfe- 
where,  and  tbyfelf  fpeaking  to  them  that  are  pre- 
fent,  that  Pleafure  is  a  ning  to  be  put  neither  in 
the  firft  norfecond  Rank  j  but  it  is  firjt  to  hefpeki 

cmcermng 
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CMcermng  Meafure^  what  is  ^eeable  and  oppoT" 
tune  to  Meafurcj  and  allfucb  ubings  as  are  by  No- 
tare  eternal.  Where  by  Meafure  ht  ieems  to  under- 
fiand  the  original  Idea  of  every  Thing  :  but  I 
ijpend  TimQ  in  thefe  Thing?. 

Let  us  now  leave  thefe  popular  Thingp,  and 
come  to  the  Significations  of  Meafure^  which  are 
ufed  among  Mathematicians.  And  the  Definition 
or  Defcription  of  Meafure^  which  (u)  Jriftotle  de- 
livers, agrees  in  Part  with  all  thefe.  Meafures  is 
that  by  which  the  ^antity  of  a  Thing  is  known. 
But  becaufethis  Knowledge  of  Quantity  may  be 
<tifl[erendy  apprehended  according  to  various  De- 
grees and  Refpe£bs,  confequendy  the  Name  of 
Meafure  is  taken  more  or  lefs  extenfively. 

And  firfiy  Meafure  is  often  put  for  any  Thing, 
which  any  way  fhews  or  notifies  the  Quantity  of 
another,  and  denotes  nothing  elie  but  a  certain 
Argument,  or  Sign,  or  undoubted  Criterion  of 
fome  determinate  Quantity.  Thus  the  Arch  of  a 
Circle  defcribed  fi-om  the  angular  Point  as  a  Cen- 
ter, and  intercepted  between  the  L^  of  a  redti- 
lineal  Angle ;  And  in  Spherics^  the  Arch  of  a 
Circle  defcribed  fi*om  the  angular  Point  as  a  Pole, 
and  intercepted  between  the  Sides  of  the  fpherical 
Angle,  is  the  Meafure  of  both  the  faid  redtilineal 
and  fpherical  Angle  -,  becaufe  if  the  Quantity  of 
chat  Arch  {i.  e.  what  Part  it  is,  or  what  Reafon 
k  has  to  the  whole  Circumference  of  the  Circle,  or 
its  Quadrant)  may  be  known  by  an  Infbumental 
Menfuration^  or  any  other  way,  the  Quantity  of 
die  laid  Angle  will  be  confequendy  known  fix>m 
dience,  i.  e.  what  Part  or  what  Proportion  it  has 
to  four  Right  Angles,  or  to  one  Right  one.  Nor 
cm  the  other  hand  may  any  Angle  having  its  Ver- 
tex  in   the   Center  or  Pole  of  a  Cirde  be  lefs 

_  (m)lM.X.  I. 
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properly  laid  to  be  the  Mufian  of  the  dicnhr 
Aich ;  bccaufe,  as  &r  at  by  flypothebor  Difl 
curTus  it  has  a  known  Prtpmlkm  to  imv  Ri^ 
Ad^9  it  will  0iew  die  Reafon  of  the  aaer- 
€epoed  Arch  to  die  whole  Gfcumferenoe.  '  For 
Ibaie  do  wrongly  tkj  that  an  imeroepiJBd  Aich 
is  die  proper  Qoandty  of  ia  Ana^i  when  the 
Arch  is  no moreoie  Quandty  of  the  Ang^  than 
the  Angle  of  the  Arch  i  nay  this  is  no  more  m 
Meafin  dian  that^  eidxr  on  die  Pkrt  of  die 
Thing,  or  fiom  dmunon  Ufe'»  finoe  their  Oon- 
does  are  carried  on  propordonaHy,  oonneAed  ne- 
ceflarfly,  and  (hew  one  another  redprocany :  And 
by  die  lame  Reafixi  dradar  SeAors  are  named  dtt 
Msafures  of  Angles,  and  thefe  of  dxsfe.  Moie* 
over  by  this  Means  not  only  Magmtude  istemied 
die  Meafure  oK  Space,  Space  of  Modon  and  Time, 
but  interchangeably  alfo,  Modon  and  Time  ait 
called  the  Mtafures  of  Space,  and  Space  of  Mag- 
nitude ;  for  as  the  Quandty  of  the  Magnitude  oc- 
cupying the  Space  is  known  by  a  prior  Know- 
ledge of  the  Space  ;  fo  far  will  die  Quandty  of 
the  predetcrminate  Space  run  over  be  difcovcrcd 
by  Motion  or  Time.  So  that  if  it  can  be  known 
how  much  Time  is  paffed  fince  the  Rifingof  the 
Sun,  thence  we  may  gadier  how  much  of  its  Pe- 
riphery the  Sun  has  run  through  in  the  mean  Time. 
Which  Permutation  of  Space,  Time  and  Mo- 
tion in  refpeft  of  Meafure  (x)  Artftotle  has  plainly 
taken  notice  of.  H^e  donU  onfyy  fays  he,  meafure 
Motion  by  Ttme^  but  alfo  time  by  MotioHj  for  this 
Reafon^  becaufe  they  are  interchangeably  defined  h 
one  another.  And  we  meafure  alfo  Magnitude  ft 
Motion^  and  Motion  bv  Magnitude  -^  for  if  a  IValk 
he  greats  we  are  f aid  to  haive  gone  a  great  JVay^ 
and  on  the  contrary y  if  the  Way  he  great ^  to  bme 

(x)  Phjf.  IV.  la. 
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bad  a  great  fVdk  ;  in  like  manner  we  fay  the  Time 
is  great  if  the  Motion  befoj  and  the  Motion  great 
if  the  Ttme  befo.  Farther  to  abound  with  Exam- 
ples, the  throwing  of  a  Dart  or  Stone  is  this  Way 
^Meafur£  of  Space,  though  more  imperfeftly ;  for 
as  far  as  the  Strength  of  the  Thrower  is  known  by 
a  former  Experiment,  it  may  be  thence  known^ 
how  much  Space  is  between  his  Station,  and  the 
Fall  of  the  Thing  thrown.  Nay,  fince  every 
Thing,  every  natural  Agent,  has  a  determinate 
Sphere  of  its  A&ivity,  it  may  as  fuch  fome  Way 
diicharge  the  Office  of  a  Meafure^  viz.  Since  Fine 
exerts  a  Power  of  Heating  to  a  certain  Diftance 
and  is  perceived  to  efiedt  nothing  beyond  that  ; 
fince  a  Flower,  or  any  odoriferous  Body,  dif- 
perfes  its  Vapours  of  Smell  to  a  certain  Place  ; 
fince  a  vifible  Objedt  is  beheld  to  a  certain  Diftance, 
and  difappears  farther  off ;  fince  the  Sound  of  the 
Voke  is  perceived  by  the  Ears  placed  within  a  de- 
finite Bound,  beyond  which  it  is  infenfible  ;  if  it 
firft  be  known  by  a  particular  Experience  how 
g-eat  the  Radius  of  every  fuch  Sphere  of  Afti- 
vity  is,  fome  Judgment  may  be  made  from  thence 
C(MKeming  thole  Interftices,  i.  e.  the  Quantities  of 
thole  Powers  being  found  will  become  a  Kind  of 
Meafures  of  the  Spaces.  Thus,  it  is  commonly 
laid  by  Hiftorians,  that  the  Diftances  of  Places 
were  computed  from  an  Eftimation  of  the  Space, 
which  a  quick-footed  Man  was  able  to  go  over  in 
fome  afTigned  Time :  And  alfo  that  Mariners  judged 
the  Trads  of  the  Sea,  and  Diftances  of  Ports,  from 
the  Time  of  Sailing  performed  by  a  conflant  equa- 
ble Wind.  So  Aftronomers  do  very  accurately 
meafure  Time  by  numbering  the  returning  Syn- 
chronifms  of  a  fufpended  Plumb-line.  Alfo  Sha« 
dow  (though  one  of  the  moft  obfcure  and  fubtle 
Things,  and  almoft  nothing  at  all)  is  a  Meafure 
of  this  Kind  ip  many  reljpedbs  >  its  Motion  upoa 
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Dials  fliews  the  Qiuntity  of  Time  ;  its  Magnitude 
received  upon  a  \7all  difcovcn  the  apparent  Mu* 
nitude  of  the  Sun  ;  and  lafUy,  it  is  fubfervienc  to 
mauling  the  true  Magnitude  of  theSun  in  Edijpfo. 
Thus  there  is  fcaroe  any  Thing  but  either  is  or 
imitates  fuch  a  Meafure ;  and  (what  is  elpechlly 
to  be  noted)  Things  the  mdl  difierent  in  Genus 
or  Kind  may  be  the  Meafures  of  each  ocfaer,  ac- 
cording to  the  Latitude  of  this  Accefication. 

But  feamdly  J   Ibmetlung  more  RnSdj^   that  a 
called  a  Meajure  from  me  Quantit]^  dt  whkh  the 
Knowledge  ot  Quantity  does  neceflkrily  depend,  as 
it  is  meafurable  ;  confequendy  the  Qiuntity  of  this 
is  no  otherwife  known,  than  it  can  be  known  from 
a    former  Knowlec^  of  that.    Which  Sort  of 
Meafure  in  refpeft  to  the  forqping  already  ex- 
plained, may  be  faid  to  be  natural^  and  a  priori  \ 
becaufc  it  is  not  aflimicd  fo  arbitrarily,  but  is  re- 
quired neceflarily,  and  fuggefted  by  Nature  itfclf 
for  inveftigating  the  Quantity  of  the  Thing  mea- 
fored.     Thus  Magnitude  is  the  Meafure  of  Space, 
becaufc  the  Quantity  of  Space  can  be  no  otherwife 
comprehended,  than  by  meafuring,  or  fome  Way 
fufficiently  computing  fbme  real  Magnimde  occupy- 
ing it.     And  Space  is  fuch  a  Meafure  of  Motion 
and  Time.     The  Space,  I  fay,  run  over  equably 
with  a  certain  Velocity  by  fome  noted  moveable 
Body  is  the  Meafure  of  Time   (at  leaft  mediately 
by  the  Intervention  of  Motion)  for  it  cannot  be 
known  how  much  Time  is  pafled,  but  by  eftimat- 
ing  the  Quantity  of  fuch  a  Space.     Ex.  gr.  an 
Arch  of  the  equinoftial  Circle  intercepted  between 
two  Meridians  pafling  through  the  Point  of  the  Sun's 
Rifing  in  the  Horizon  and  the  Center  of  the  Sun, 
is  the  natural  and  genuine  Meafure  of  the  Time 
elapfed  from  the  Rifing  of  the  Sun  to  the  given 
Inftant.     And  according  to  Ptolemfs  Dodhine,  an 
Arch  in  the  Sun's  Eecentric,  is  iwh^i  Meafure  of 
4  thQ 
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the  Time  of  the  Year,  wtddi  is  taken  in,  while  the 
Sim  is  pafling  that  Arch.  In  like  manner  the 
Mtafure  of  the  Velocity,  wherewith  any  moveable 
Thing  is  carried  uniformly^  is  the  Space  gone 
through  in  an  afligncd  Time  %  for  hence  we  make 
a  certain  Conjedure  how  much  Space  that  move- 
able Thing  will  pafs  over  in  any  other  determi- 
nate Time  \  and  by  the  fame  Means  we  will  be 
able  to  difcover  the  Quantity  of  the  Velocity* 

But  thirdly^  in  a  yet  ftrifter  Manner,  that  is  faid 
CO  be  a  Meafure^  which,  by  reafon  of  a  certain 
extraordinary  Determination,  Simplicity,  Know- 
ablenefs,  or  moft  eafy  Comprehenfion,  may  be 
moft  aptly  applied  for  determining  the  Modes  of 
Things,  or  comparing  Quantiries  together.  Thua 
when  infinite  Curve-Lines^  or  indireSl  linear  Orbits^ 
are  extended  between  two  affigned  Points  or  Places  ^ 
though  the  Diftances  of  thefe  are  computed  from 
themfelves,  yet  a  BJ^^ht  Line  by  reafon  of  its  Unity 
and  Simplicity  is  faid  to  meafure  that  Interval* 
And  though  innumerable  unequal  Right  Lines 
may  be  drawn  from  a  given  Point  to  a  Right 
Line  given  in  Pofition  ;  yet  a  right  lined  Perpendi* 
culary  becaufe  it  is  fimple,  and  one,  is  faid  to 
meafure  the  Diftance  of  the  Right  Line  from  thence. 
For  the  fame  Caufe  the  Diftance  of  a  Right  Line 
Jkbtended  in  a  Circle^  or  of  a  lejfer  Circle  in  a 
Sphere^  from  the  Center  of  the  Circle  or  Sphere, 
is  cftinuted  by  a  Perpendicular  let  fall  from  the 
Center  to  the  Suhtenfe  or  Plane  of  the  faid  lejjer 
Circle.  By  like  Reafon  the  Diftance  of  Right 
Lines  parallel  to  one  another  is  meafured  by  any 
right  lined  Perpendicular  intercepted  between  them  ; 
and  the  Diftance  of  concentric  Peripheries  is  com- 
puted from  an  intercepted  Portion  of  any  Radius 
drawn  from  the  common  Center  becaufe  this  is 
always  of  the  fame  Quandty.  So  alfo  Apollomui 
(or  the  Arabian  that  interpreted  his  Works)  in  the 
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ffib  Book  of  his  ConicSj  names  the  Ri^  Line  in- 
teicepODd  between  the  Vertex  and  Point  in  the  Hk- 
meter  affigned^  a  Meafure  \  becaufe  there  ocait 
nonefimpler,  orgreater,  for  determining  the  Quan- 
tity of  the  other  Branches.  Thd  lame  Way,  be- 
caufe amon^  Superficies  a  plane  one  b  moft  fim« 
pie  and  uniform,  and  among  right  lined  Figum 
die  Square  is  the  fimpleft  and  eafieft  known  ;  tnete- 
fore  a  Square  is  ufudly  called  and  accounted  d« 
Meafure  of  fuperficial  Figures,  and  dieir  Qoamities 
are  referred  to  this,  as  for  as  it  may  be  done. 
And  the  lame  Reafon  holds  of  a  Cube  in  Solids^ 
to  which  the  Quantiaes  of  odier  Solids  are  reduced, 
becaufe  of  its  manifeftDeterminadon,  andtheeafily 
conceivable  Property  of  its  Nature.  A  r^ 
Angle  alfo  obtains  die  Place  of  a  received  Mea- 
fure  in  redilineal  Angles,  becaufe  it  is  in  fome  De- 
gree more  known  than  others,  obtains  a  peculiar 
Name,  and  feems  to  include  a  more  limple  Re- 
lation of  the  infilling  Line  to  that  upon  which  k 
Hands.  So  laftly  Geometricians  endeavour  to  re- 
duce all  curved  and  compound  Lines  to  a  Right 
Line,  which  is  the  fimpleft  of  all  Lines,  and  de- 
termine their  Quantities  from  fome  Relation  which 
they  obtain  to  this.  And  the  fame  Method  is  ob- 
ferved  in  other  Quantities :  For  becaufe  the  diurnal 
Revolution  of  the  Heavens,  or  (according  to  the 
more  received  Hypothefis  in  our  Times)  of  the 
Earth  is  the  moft  conftant,  uniform,  and  known 
of  all  Motions  ;  therefore  k  is  aflumed  and  ufed 
for  the  Meafure  of  other  Motions,  Times,  and 
Velocities.  And  the  Quantities  of  other  Wcightt 
are  by  the  Mafters  of  Statics  reduced  to  the  Quan* 
tity  of  Gold  as  the  heavicft  Body,  or  of  (^  as 
the  lighteft.  And  in  every  other  kind  of  Quan- 
tity, for  Convenience  fake,  fuch  an  one  is  always 
required  for  a  Meafure^  as  is  remarkable  for  its 
Simplicity  or  Mobility. 

Put 
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But  fourthly  to  come  nigher  our  Purpoiey  that  is 
vont  to  be  called  a  Meafure  ^hich  is  afiumed  to 
lender  fomething  more  known  and  determinate  to 
to  us  dian  it  was  before,  and  is  expounded  with 
this  Defign,  that  other  Comities  coming  into  Con<» 
fideradon  may,  as  to  Quantity,  be  compared  with 
it,  or  with  one  anotherby  means  of  it ;  viz.  that 
it  may  be  inveftigated  how  often  this  contains,  or 
is  contained  in  thofe,  or  what  Proportion  thofe  ob* 
tain  to  thcfe ;  and  confequently  how  they  are  re- 
lated one  to  another,  fo  that  their  Quantities  may 
be  fome  Way  known  and  determined,  which  were 
before  unknown  and  indeterminate.  Thus  a  Foot^ 
a  Palm^  a  Tard^  a  Cubit ^  a  Pace^  a  Gitl^  a  ^Ot:^ 
a  BuJheU  and  the  other  Meafures,  whole  Names 
among  the  Vulgar  do  fignify  a  certain  Length  •  or 
Capacity,  are  therefore  meafuring  Magnitudes ^  be- 
caufe  their  Quantity  is  commonly  fuppofcd  known 
and  determined  by  Compaft  ;  from  whence  the 
definite  Quantity  of  other  unknown  and  inde- 
terminate Magnimdes  may  be  judged  by  a  Com- 
Birifon  with  thefe,  from  Congruicy,  or  a  proper 
ifcurfus-  Thus  alfo^  when  the  Quantity  is  re- 
quired of  Chord-Lines  fubtending  the  Periphery  of 
a  Circle,  or  of  regular  Figures  infcribed  within  a 
Circle,  the  Radius  of  the  Circle  is  wont  to  be  af- 
fumed  for  a  Meafure^  as  the  moft  known,  and 
perfcftlv  determined  of  all  the  Lines  in  a  Circle  ; 
and  is  luppofed  to  be  divided  into  as  many  equal 
Parts,  as  are  needful  for  Ufe,  or  as  many  as  are 
needful  ought  to  be  allowed  to  every  particular 
Chord  or  Side  by  the  Application  of  Geometri- 
CaX  Theorems,  or  by  whatfoever  other  lawful  Me- 
thod it  is  examined  and  computed  :  Or  fome 
Equation  is  fought  by  an  apt  Ratiocination,  by 
which  the  Relation  of  the  faid  Subtenfes  or  Sides 
U>  the  Radius  of  the  Circle  may  be  notified  or 
cxpreffed  :  Or  if  it  may  be  done,  the  very  Chprd 

S  2  W 
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or  Side  which  is  fought^   is  aAually  drawn  and 
delineated,  that  its  Proportion  to  the  Radius  may 
be  citimated  from  a  fenuble  Comparifon,  or  known 
by  an  organical  or  inftrumental  Meniuration  :  Or 
at  leaft  two  other  Lines  are  applied,  whole  Propor- 
tion is  the  fame  with  the  Proporticxi  of  the  fiud 
line  to  the  Radius  ;  and  coniequendy  whofe  Rea- 
Ion  being  found,  will  difcover  the  Rofon  required 
For  the  Meafuring  or   Dimenfion  of  Quantities 
may  be  poformed,  and  the  Realbn  of  the  QiaiH 
tity  propofed  to  that  known  or  determined  byNa- 
ture  exprefled  and  eftimatcd  thefe  diflferent  Ways, 
viz.  by  Numbers,  or  by  fome  Equation,  or  by  a 
fenfible  Connmtation  fipom  the  fame  Terms  imm^ 
diately,  or  from  other  analogical  ones  expofed  to 
the  Senfe  ;  whole  Dimenfion  alfo  found  by  fuitabk 
Inftruments  will  exhibit  the  numerical  Proportion. 
But  thefe  Things  are  to  be  explained  more  fully 
and  diftinftly  elfewhere.     To  return  to  more  Ex- 
amples :  By  a  like  Means  the  Square  of  the  Ra- 
dius or  Diameter  is  applied  for  finding  the  Quan- 
tities of  the  Areas  of  the  reft  of  the  laid  Figures, 
as  the  Meafure  with  which  they   may   be  com- 
pared.    Alio  after  the  fame  Manner,  in  eftimat- 
ing  and  comparing  together  the  Sides,  Superficies, 
and  Solidities  of  the  regular  Bodies^  the  Radius  of 
the  Sphere  is  taken,  in  which  they  are  included  or 
infcribed,  and  thefe  are  compared  with  it,  its  Square, 
or  its  Cube,  that  their  mutual  Proportion  may  be 
found  and  laid  by  for  Ufe.     Thus  alfo  is  the  Semi- 
diameter  of  the  Eartli  commonly  applied  by  Aftro- 
nomers  in  their  Search  after  the  true  Diftances  of 
the  Stars  from  one  another,  and  their  true  Magni- 
tudes, as  a  certain  co??imon  Meafure^  to  which  their 
Quantities  may  be  reduced.     As  when  the  Moon 
is  laid  to  be  diflant  fo  many  Semi-diameters  from 
the  Center  of  the  Earth,  its  Diameter  is  faid  to  be 
equal  to  fo  many  Parrs  of  the  lame  Semi-diameter. 

And 
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And  the  fame  of  others.  Nor  (to  obfiare  by  the 
Way)  in  this  Acceptation  of  Meafure  is  it  of  any 
Confequence  at  all,  whether  the  Magnitude  fuflainihg 
die  Place  of  a  Meafure^  be  greater  or  leflcr  thaa 
diat  which  is  meafured  :  as  in  the  Examples  above 
the  Radius  is  lefler  than  a  Chord  of  120  Degrees^ 
or  the  Side  of  a  regular  Triangle  infcribed  within 
die  Circle,  but  greater  than  a  Chord  of  36  Degrees j 
or  the  Side  of  a  Decagon  infcribed  within  the 
fiune  Circle.  And  the  Semi-diameter  of  the  Earth 
is  greater  than  the  Semi-diameter  of  the  Moon, 
but  far  lefs  than  the  Diftance  of  the  Moon.  Alio 
if  there  be  affumed  a  Geometrical  Pace,  by  a  juft 
Comparifon  of  it  may  be  known  the  Length  of 
a  Foot,  as  well  as  that  equal  to  a  Furlong  or  a 
Mile.  Here  is  no  Regard  how  the  Quantities  fo 
compared  are  afFefted  with  the  Meafure  expounded, 
fo  that  their  Proportion  can  but  be  exprefled  by 
Numbers  :  For  this  Way  all  Magnitudes  are  com- 
menfurable  to  one  another,  though  the  Proportion 
of  fome  be  inexpreflible  in  Numbers;  1.  e.  one  of 
them  may  be  affigned  to  which  the  Quantities  of 
the  reft  may  be  referred,  and  meafUred  by  it. 
Though  the  Reafon  of  the  Radius  to  a  Chord  of  90 
Degrees^  or  the  Side  of  a  Square  infcribed  within 
the  Circle,  can  be  precifely  explained  by  no  Num* 
bers,  yet  the  Quantity  of  this  may  be  compared 
with  the  Quantity  of  tlmt,  and  fo  far  they  are  com- 
menfurate.  Thefe  Thing?,  I  fay,  I  obferve  by  the 
Way,  becaufe  of  the  followmg  Acceptation,  which 
is  peculiar  to  the  Mathematics,  and  of  moft  fre- 
quent Ufe;  according  to  which, 

FifMyj  a  Meafure  is  more  ftriftly  taken  for  a 
Mignitude^  which  fome  Number  of  Times  taken  does 
c<mfiitute  and  compofe  another  Magnitude^  or  which 
being  fome  Number  of  Times  taken  from  another 
Magnitude  leaves  no  Remainder^  but  entirely  ex- 
hales it.    3y  fome  Number  of  Times  is  here  to 

S3  be 
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beunckrftood  once,  or  oftcner,  according  toXitSKf 
or  feme  determinate  Number:  From  whence  % 
appears  that  a  Meafun  dius  taken  will  never  esoceed 
the  Thing  meafurol,  to  either  is  equal  to  it,  €# 
fome  aliquot  Fart  of  k,  i.  e.  which  being  fixntf 
Times  repeated  according  to  any  Number  com^ 
pofes  the  Whole ;  or  Ibme  Number  of  which  doetf 
ocmftitute  and  make  up  the  Whole ;  or  fcxne  Num* 
ber  of  which  being  taken  from  die  Whole  kavet 
no  Remainder.  Thus  a  Foot  is  the  Mn^re  of  t 
Getmetrical  Pacdy  that  of  a  Furkngj  and  a  Fmfitnfg 
of  a  Mile  and  a  League ;  becaufe  a  PiM  taken 
J!ve  Times  makes  a  Geamelrical  Paee^  andlubduAed 
away/v^Tim^jdeftroys  it:  a P^m*^ taken  a  tenimf 
and  twenty  five  Times  makes  a  Fuths^^  and  a  Ari- 
Jong  repeated  eight  Times  compleats  a  Mite.  So 
alfo  a  Minute  mcafures  an  Hour^  zn  Hour  3i  DdP^^ 
^  Day  a  civil  Mont  by  and  a  civil  Month  a  civil  Tear. 
But  a  Vay  does  not  thus  meaiure  a  natural  Month  or 
T^r^r,  nor  a  Afo;//*  a  natural  Tear.  Becaufe  ^6$ 
Days  are  fhort  of  a  natural  Tear^  and  366  Djyj  cx-^ 
cced  it,  and  fo  for  others. 

And  thus  are  Meafuresy  and  the  Words  parony-r 
mous  to  it  always  underftood  in  the  Elements  of 
Geometry  ^though  no  Definition  of  Meafure  is  to  be 
found  there,  which  fcems  a  Wonder  to  fome)  as 
when  an  Aliquot  Part  is  defined  in  the  beginning 
pf  t)\t  fifth  Book  to  be  a  Magnitude  of  a  Magnitude^ 
a  lefs  of  a  greater^  ftnce  it  may  meafure  the  greater^ 
i.  e.  Since,  if  it  be  fome  Number  of  Times  taken, 
it  does  fo  cxhauft  the  Whole,  that  nothing  re- 
mains. For  the  Word  Kxretfjur^Sv  does  there  in 
the  Original  fignify  to  meafure  ferfeSly.  As  alfo 
the  fimple  Verb  ftfT^ey  does  ordinarily  denote  the 
fame  •,  and  moft  evidently  in  the  Beginning  of  the 
tenth  Booky  where  Commenfurahle  Magnitudes  are 
defined  to  be  thofe  that  are  meafured  (fxtr^vfJija)  by 
07ie  and  the  fame  Meaffire^  i,  e,  each  of  which  the 

fame 
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fame  Magnitude  taken  fome  Number  of  ^mes  dees 
conftitute^  and  taken  away  fome  Number  of  Times 
does  deftroy.  And  a  perfeft  Divilion  (or  Subtrac- 
tion, fimple,  or  multiple,  which  leaves  no  Re- 
mainder) is  always  fignified  by  fAtrMctv.  Thus 
alio  the  Philofopher  feems  to  ufe  this  Word,  when 
he  (y)  lays,  72v  fFbole  which  is  meajured  (jAtr^^ 
fiJiuMF)  feems  to  be  nothing  but  a  Meafure  taken  fome 
Number  of  Times.  Yet  (2)  Artftotle  in  his  Mtta-- 
fbyfics  affords  one  moft  ftria  Acceptation,  accord- 
ing to  which  Meafure  defigns  that  which,  being  the 
firft  and  leaft  in  every  Kind,  is  wont  to  be  ap- 
riied  to  a  Thing  indivifible  to  Scnfe  (or  the  leaft 
Thing  ufually  divided)  for  difcovcring  the  Quan- 
tity of  odiers,  viz.  zszxiUnit  in  Numbers y  a  Grain 
in  ff^eightSj  a  Farthing  in  Money,  a  Diejis  in  the 
Intervals  of  Sound,  an  Inch  in  Lines,  are  Mea» 
iiires,  by  Way  of  Eminence,  Ariftotle  tcftifies 
that  among  the  Creeks  their  fmalleji  Meafure  in 
Length  was  a  Foot. 

But  I  have  not  Time  to  purfue  thcfe  Things. 
Nor  is  it  now  lawful  to  adjoin  which  of  thefe  is 
the  principal  or  moft  proper  Notion  or  Accep- 
tation, according  to  which  Menfurability,  the  Af- 
feftion  of  Magnitude  now  in  Hand,  ought  to  be 
underftood.  And  many  other  Things  are  now  to 
be  palled  by.  For  the  Time  reminds  us  to  draw 
to  a  Clofe,  and  I  am  afraid  left  fome  Wit  fmito 
me  with  an  obvious  Pun,  and  lay.  While  I  am 
talking  about  Meafure,  I  take  the  leaft  Heed  tQ  Uic 
Meafure  of  my  Difcourfe. 

(j)  Phyf.  IV.  14-  W  Met.  X.  i. 
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LECTURBXV* 

Of  tie  Accept atim  f  th  iPirdi  ^ 
Meafurc,  viz.  hkaSmhOkf^ 
Omimenffiralttliiy  ml  Incrwnm^fimhh 

IN  the  laft  LcAnre  wt  wsre  not  negligent  in 
our  EndeaTOurs  to  caqCTMid  the  different  com- 
inon  Accqptadons  of  ^  Woid  Miafure.  From 
Hirfacnce  |t  will  eafily  f)?PW*  ^^  ^^Y  ^^7^  ^^ 
paronyinous  Terms,  jS  mafktt^  menfuraUe^  &c, 
.jnay  by  accepted;  v/z.  as  many  Ways  rcfoeftivcly, 
^  the  Wprd  Meajure  may  be  taken.  It  remains 
that  we  copfider  according  to  which  of  thefe  Ways 
cfpecially  Menfurcinlity^  the  Aficdion  of  Magni- 
tude we  arc  treating  of,  ought  to  be  underftood,  and 
what  is  its  primary  Notion,  Two  of  thefe  Ways 
which  ^  ^miliar  to  Mathematicians  are  efpecially 
to  be  confidered  and  carehilly  diitin^oilhed,  to 
:which  all  others  may  be  referred, 

The  jirfi  js  more  extcnfive,  but  moft  proper, 
from  which,  as  we  fliall  (hew.  Geometry  has  taken 
his  Name,  and  which  according  to  its  Office  it 
principally  refpedb ;  in  which  refpeft  it  denotes  to 
pieafure^  notify^  or  determine  the  ^antity  of  fome 
Magnitude  with  Regard  to  fome  other  homogeneous 
Magnitude  bowfoever  more  known  to  us^  or  more 
determinate^  by  declaring^  exhibiting^  and  reprefent- 
ing  its  ^Proportion  to  this  in  Num^s^  or  fome  other 
€omprehe}iftble  Way :  i.  e.  by  fignifying  how  great 
a  Part  that  is  of  this,  or  this  of  that,  how  they  are 
unequal,  how  much  that  exceeds  or  &lls  fhort  of 

this, 
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this,  or  by  any  other  like  Way.    Ex.gr.  Suppofing 
any  Lx)ngitudc  hitherto  unknown  to  us,  if  we  can  by 
any  Means  agreeable  to  Reafon  {viz.  either  by  an 
injlrumental  Operation^  or  mental  Ratiocination  de- 
pending upon  lawful  Hypothefes,  or  Conclufions 
already  demonftrated)  find  what  Relation  it  has  in 
Quantity  to  any  expounded  Longitude  well  known 
by  us ;  how  often  it  contains,  or  is  contained  in  that ; 
how  often  it  may  be  taken  to  exceed  or  fall  ihort  of 
that ;  whether  it  is  to  it  as  one  Number  to  another,  or 
as  one  Right  Line  I  am  able  to  make,  to  another  Right 
Line  I  am  able  to  make,  or  as  the  Radix  of  fome 
^Equation  fubjeA  to  an  Analytical  Enquiry,  and  refb- 
lublc  by  Art,  then  we  are  laid  to  meafure  that  Lon- 
^tudc :  Which  Sort  of  Dimenfion  of  direct  Lon- 
gitudes is  named  Mecometry  2ind  Eutbufnetry^  or  by 
thoie  mongrel  Words  Longimetry  and  Altimetry. 
Jn  like  manner  fuppofing  any  plane  Figure ;  when  we 
infer  what  Proportion  it  has  to  another  plane  Figure 
exhibited  (viz.  a  Square  Foot)  and  reprefent  it  by 
Numbers  or  fbme  other  Way,    we  are  faid  to 
meafure  it :   Which  Kind  of  Dimenfion  of  Planes 
may  be  termed  Empedometry^  and  is  vulgarly  and 
barbaroudy  ftiled  Planimetry.    By   a  like  Reafon 
when  we  compare  fome  Solid  with  a  cubical  Foot, 
or  with  an  equal  and  fimilar  Cylinder,  or  fome 
other  known  Body,  and  find  its  Reafon  to  that  ; 
this  is  called  Stereometry.   Alfo  fuch  a  Comparifon  of 
the  Sides  and  Angles  of  a  Triangle,  by  which,  from 
certain  Sides  and  Angles  known  in  the  faid  Triangle, 
the  Reafon  of  the  other  Angles  may  be  found  to  a 
right  one,  or  the  Proportion  of  the  other  Sides,  to 
the  one  afligned  and  known,  this  is  called  Trigo- 
nometry.     And  when  we  endeavour  as  exaftly  as 
we  are  able  to  determine  the  Proportion  between 
the  Periphery  and  Diameter  of  a   Circle,  or  be- 
tween a  Circle's  Area,  and  the  Square  of  its  Dia- 
meter j  that  is  termed  Cyclometry.     From  which 

4  Examples^ 
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£zafnples»  broco^  de&pecfiy,  it  ipj^ein,  n  I 
laid,  oiac  this  Nodon  m  Ma^aAm  b  die  maft 
genuine  and  primary,  fincc  ine  prineq»l  Flms  of 
the  Mathematics  are  efpecialljr  COnver&nt  about  it, 
and  do  confequendf  itcdve  tfadr  Dcnotnfasiion 
from  it. 

With  refpeft  therefore  to  thb  oodit  dv  Aflbe« 
tion  of  Magnitude  to  be  taken,  which  ¥re  are  tarn 
treatbg  about,  called  Mm/braHUty^  (m  Greek 
l^irfHMj  Meafuring^  a  Wdrd  more  ambmions, 
cofubunding  the  Power  widi  the  AftJ,  wfaia  do- 
notes  nothit^  but  that  a  Ms^nitode  n  capable  of 
beine  compared  with  odier  Muignitudes  of  the  fime 
Kino,  k  that  its  Quantity  however  ochenrife  on- 
known  and  indeterminate  is  capsd)fe  of  bdng  fame 
Way  known  and  determined  from  the  RebdoQ 
which  rt  obtains  to  them.  For  diis  is  connate  and 
cflential  to  every  Kind  of  Magnitude,  as  £ir  as 
every  Magnitude  is  to  any  other  homogeneous 
Magnitude,  (viz.  a  Line  to  a  Line,  a  Superfice 
Co  a  SuperHce,  a  Solid  to  a  Solid)  neceflarily  either 
equal  or  unequal  after  a  certain  Manner,  which  is 
knowable  on  the  Part  of  the  Thing,  and  deter- 
minable of  itfelf  •,  though  the  Knowledge  of  it  is 
very  often  difBcult  to  be  acquired,  and  fometimes 
can  be  no  Way  accurately  comprehended. 

Neither  docs  this  AfFeftion  agree  with  Magni- 
tude only,  but  aUb  (as  we  have  particularly  fliewn 
in  other  Affections)  to  all  other  Quantities  whatfo- 
ever  {Motions^  Ttmes^  Velocities^  IVeigbts)  analo- 
gically and  their  own  Way,  as  far  as  their  Pro- 
Eortion  to  one  another  can  be  determined,  exhi- 
ited,  or  expreffed,  and  confequently  the  Quantity 
of  one  difcoyered  from  its  Relation  to  tlie  Known 
Quantity  of  the  other.  Ex.  gr.  We  meafure  Time, 
when  we  fhew  it  to  be  equal  to  fo  many  Days, 
Hours,  or  Minutes  •,  or  be  fo  to  another  known 
Time,  as  that  Right  Line,  or  that  Periphery  of 

a  Circle 


Lect.  XV.    Mofbematkd  LeSures.         267 

%  Circle  is  to  this,  ixdiofe  Proportion  to  one  an- 
other we  know.  We  meapirt  Velocity,  when  in 
a  Time  having  fuch  Proportion  to  another  known 
Time,  we  (hew  that  me  Space  paded  over  is 
fo  much  with  RefpeA  to  a  Space  known  -,  i.  g. 
when  we  ihew  that  Velocity  to  have  a  known  Pn>- 
portion  to  a  known  Velocity.  Laftly,  we  mea^ 
Jure  Weight,  whdn  we  find,  how  great  a  Magni- 
tude of  a  known  Gravity  it  can  elevate  or  fuflain^ 
or  what  Proportion  it  has  to  anocher  knowA 
Weight.  And  the  fame  Reafon  holds  in  all  other 
Quantities.  But  that  this  Property  may  be  vec 
more  clearly  known,  we  will  fubjoin  fomemai 
concerning  certain  Properties  of  Miofun^  and  the 
Wa;f  of  meafuring  Magnitudes. 

The  firft  Property  of  the  Kind  of  Meafure  wc 
are  now  upon,  is,  that  it  be  boimgemous  to  the 
^Thing  meafured  \  i.  e.  that  it  be  capable  of  being 
compared  with  it  according  to  Congnuty  and  In- 
congruity, Equality  and  Inequality,  Excels  and 
Dercft,  Addition  and  SubtraSion,  and  laftly  ac- 
cording to  Reafon  and  Proportion,  viz.  that  a 
Line  be  capable  of  being  the  Meafure  of  a  Line» 
a  Superfice  of  a  Superfice,  a  Solid  of  a  Solid,  a 
Time  of  a  Time,  a  Velocity  of  a  Velocity,  and  a 
Weight  of  a  Weight.  But  a  Line  cannot  be  the 
Meafure  of  a  Superfice,  a  Superfice  of  a  Body,  a 
Magnitude  of  a  Time,  or  a  Time  of  a  Wei^t, 
according  to  this  more  accurate  Acceptation  of 
Meafure.  Indeed  that  more  looie  and  unauthcHized 
Notion  of  Meafure  declared  above,  according  to 
which  every  Thing  that  any  Way  argues,  indi- 
cates, or  notifies  the  Quantity  of  another  is  (aid  to 
meafure  it,  I  lay,  that  may  happen  even  to  betero-^ 
geneous  Quantides,  and  is  not  ieldom  attributed  and 
applied  to  them  by  Mathematicians  \  which  Way 
a  Line  may  and  is  wont  to  be  named  the  Meafure 
of  Time,  a  Superfice  of  Vejocity,  a  Body  rf 
4  "  Weig)tit\ 
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Weight;  and  reciprocally  Time  the  Me^kn  of  a 
Line,  Velocity  ofa  Siqpcrfioe,  and  Wqg^  of  a 
Body. 

But  yettfaofe  Accepca&ons  are  to  becfiftinmiflied 
with  great  Care,  left  we  unwittii^y  fiS  wkh 
Mr.  HoUes  into  many  Labyrimhs  of  DifficuUes 
and  Errors,  by  not  obfenring  that  Diftinftion«  nor 
taking  Nodce  of  the  Ambiguity  ^  of  this  Woid. 
Such  Miftakes  as  thefe ;  That  a  Line  has  Ftepor* 
tjon  to  aTime,  and  by  like  Reafim  a  &merfice  to 
a  Velocity,  a  Solid  to  a  Weig^  %  becauie  a  Line 
does  in  fome  Sort  meafiire  Time,  a  Superfice  Ve- 
k)city,  and  a  Solid  Wd^  That  the  Quanddes 
of  all  Things  are  the  iame  or  homogeneous  to  one 
another;  becaufe  all  Things  are  fubjeft  to  the  iame 
Meafures,  viz.  Lines  and  Numbos.  Laftly,  that 
one  Quantum  may  be  the  Quantity  of  any  other, 
viz.  timt  a  Line  may  be  a  Quantity  of  Time,  Ve- 
locity and  Weight,  nay  of  aSuperiBce  and  a  Body, 
becaufe  it  determines  the  Quantity  of  thefe  as  a 
Mtafure.  Which  monftrous  Abfurdities  fcem  to 
have  proceeded  from  no  other  Fountain  than  a 
Difregard  of  this  Diftindtion :  as  we  will  ihew 
very  briefly.  When  Mr.  Hobbe^  had  laid  this 
Pennition  as  a  Foundation  to  himfelf,  A  Meafure 
is  a  Magnitude  of  a  Magnitudcy  one  of  another ^ 
when  it  is  either  Multiple  of  another ^  or  by  Applica-^ 
tion  coincides  with  it ;  and  had  noted  farther  that 
^  Line  pafled  over  by  a  Motion,  is  often  called  a 
Meafure  of  Time ;  hence  it  was  eafy  for  him  to 
infer,  that  a  Line  fometimes  coinciding  with  Time 
is  therefore  equal  or  unequal  to  Time  \  and  confe- 
quently  that  a  Line  and  Time  obtain  a  Proportion 
to  one  another,  the  fame  Way  as  a  Line  is  propor- 
tional to  a  Line.  But  if  it  had  come  into  his  Mmd, 
that  when  a  Line  is  faid  to  be  a  Meafure  of  Time, 
Meafure  is  not  ftriftly  taken  for  the  Quantum 
with  which  Time  is  compared  according  to  Quan- 
tity 
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tity  fmuch  lefs  for  an  Aliquot  Part,  according  to 
its  proper  Definition^,  but  more  loofcly  for  any 
Notification  or  Argument  of  the  Quantity  agree- 
ing with  Time ;  I  fay,  had  he  refleded  ever  fo 
little  upon  this,  he  had  not  fo  inconfiderately 
minglcxl  and  confounded  Things  which  are  as 
widely  diftant  as  the  Eaft  is  fi-om  the  Weft.  But 
diofe  Things  are  to  be  more  throughly  difcuflcd 
dfewhere,  when  we  come  to  treat,  according  to  our 
Defign,  concerning  Homogeneous  and  Heterogeneous 
^antities. 

In  the  mean  while  I  will  only  add  one  Thing 
worthy  of  Animadverfion  belonging  to  our  Pur- 
pofe ;  that  heterogeneous  ^antities  are  fometimes 
as  the  Meafures  ot  others,  becaufe  they  adminifter 
a  Kind   of  Knowledge  of  homogeneous  Meafures. 
Ex.  gr.  A  propofed  Arch  of  the   Equator  inter- 
ceptai  between  the  Horizon  and  Center  of  the  Sun 
in  the  Equator  is  therefore  called  the  Meafure  of 
the  elapfed  Time  of  the  Day,  becaufe  the  Know- 
ledge of  its  Proponion  to  the  entire  Circumference 
of  the  Equator  argues  the  Proportion  of  that  Time 
to  the  entire  Day  •,  i.  e.  is  ferviceable  for  its  Com- 
parifon  to  the  proper  homogeneous  Meafure.    So 
alfo  a  Line  moved  over  is  fo  far  a  Meafure  of  Ve- 
locity, as  it  denotes  the  Reafon  of  this  Velocity  to 
another  before  known.     Nor  is  the  Cafe  difterent 
in  other  Meafures  improperly  fo   called :    from 
whence  that  appears  fufficiendy  plain,  which  was 
juft  now   infinuatcd,    and    which    is   worth    the 
while  to  confider,  that  all  the  other  Acceptations 
of  Meafure  already  explained  do   refpeft  this,  or 
are  taken  fi"om  it. 

Moreover  fecondly^  Another  Property  of  this 
Kind  of  Meafure  is,  that  it  htis  one  only  certain 
determinate  Quantity,  always  conftant  and  inva- 
liable,  i.  e.  it  is  onC  and  indivifibU   (as  Jrijictk 

notes 


iKXes  inhtt  ('r )  il^4^M^B^)»  ad^ 
or  Latkttde,  out  havu^  t%  Qouttirf  iaunovciUe^ 
and  as  ic  were  conftituted  in  a  Poiot  Othenrife 
the  juft  Quamky  of  die  TUng  meafufcd  cat^ 
estimated  by  a  Comparifixi  widi  k)  but  k  wilC 
flill  remam  uncertain,  indeterminate  and  unknovvB. 
Theitfixe  ^ndvuibever  is  doubtful  b  ksSipifiGa- 
tkm,  or  variable  in  its  Nature,  is  ibfaruntt  ibra 
Mesfure.  Esc.pr.  A  FmI  for  die  Oze  of  a  iiMMs 
Aor,  a  human  Palm  or  CmUi  %  alfo«  ABU  tafceo 
at  larac  (without  putting  Gtrmam^  liaBsM^  or 
Et^liJS  to  k)  and  all  fiich  like  are  not  properly 
feolung  Mei^es  %  becaufe  there  k  a«vatt  deal  of 
diflb:ence  between  die  Palm^  CuHt  and  Fmt  of  a 
Hercules  widi  his  Qub,  and  theP;;^  wfakh  had 
a  Reed  for  his  Spear.  Nor  confequendy  does 
he,  who  mentions  die  Lcngdi  of  two  Feet^  fpeak 
any  Thine  certain,  unlefs  he  (hew  more  plainly 
what  Foot  he  means.  And  he,  who  (ays  that  two 
Cities  are  a  Mile  afunder,  does  not  expiefs  the 
Quantity  of  that  Diftance,  unlefs  he  iefpe£t  fbme 
of  the  foregoing  Miles,  or  fpeak  more  exprefly,  and 
fufficiendy  reftrain  the  Senfe  of  the  indeterminate 
Word.  Alfo  if  one  (ay  that  a  certain  I^ongitude 
is  equal  to  the  Diftance  of  the  Sun  from  the  Center 
of  the  Earth,  he  fays  nothing  to  the  Purpofe,  un- 
lefs he  (hew  farther  what  Diftance  he  means,  whe- 
ther the  greateft,  leaft,  mean,  or  any  (ix^  and 
determinate  Diftance  in  the  Circumference  of  the 
folar  Orbit.  Laftly,  if  one  affirm  that  a  Right 
Line  is  equal  to  a  Right  Line  drawn  fiom  the 
Center  to  the  Ambit  of  a  certain  EUipfis;  the  Di- 
menfion  of  that  Right  Line  cannot  be  computed 
from  hence,  becaufe  an  infinite  Number  of^fuch 
Right  Lines  may  be  fo  drawn  from  the  Center  of 

(cj  Met.  X.  1. 
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that  Ellipfis  all  difierent  and  unequal  to  one  an- 
other ;  and  none  can  know  which  of  thefe  he  ds- 
figns,  but  by  fome  farther  Determination.  Far- 
ther, it  is  to  be  noted^  that  this  Determination  of 
^antity  is  not  of  one  Way  only,  but  admits  dP 
fome  Difference,  and  therefore  the  conlequent 
Proportion  of  the  Meafure  will  alio  be  fomeming 
different.  For  one  Determination  is  natural  and 
univerfalj  and  another  particular  and  altogether  tfr- 
hitrary.  That  is  naturally  and  univerlally  deter- 
mined, which  has  a  determinate  Nature,  and  al- 
ways rcfpcfts  thofe  Quantities  the  fame  Way  with 
which  it  is  compared,  or  for  the  meafuring  of 
which  it  is  fubfervient ;  from  whence  it  is,  that 
it  is  immediately  apt  for  determining  their  Pro- 
portions in  general :  and  Confequcntly  may  be  alfo 
now  fuppofcd  known  itfelf  for  notifying  their  par- 
ticular Quantities.  By  which  means  the  Radius  erf* 
a  Circle,  and  the  Side  of  a  Square  are  determined 
naturally  *,  the  Radius,  I  fay,  of  a  Circle  is  ip 
determined,  becaufe  the  Subtenfcs  of  fimilar  Arches, 
and  all  .Right  Lines  placed  any  how  fimilarly  in 
a  Circle,  have  the  fame  Proportion  to  Radius,  and 
arc  fo  determined  in  Quantity  from  a  Relation  tp 
Radius,  that  it  being  particularly  determined,  their 
Quantity  is  always  particularly  determined  at  the 
fame  Time.  As  in  every  Circle  (it  is  no  Matter 
whether  it  be  greater  or  leffer)  the  Side  of  the  Hex- 
agon is  equal  to  the  Radius,  the  Right  Line  of 
30  Degrees  is  equal  to  the  half  of  Radius,  and 
the  Chord  of  90  Degrees  is  double  the  Radius  in 
Power:  whence  if  the  Quantity  of  a  particular 
Radius  be  determined  and  known  (i.  e.  if  it  be 
fubjefted  to  the  Eftimation  of  Senfe,  or  denomi- 
nated by  the  Number  of  fome  particular  known 
Meafure)  the  Quantity  of  the  faid  Lines  may  be 
thence  known  immediately.  In  like  manner  from 
a  knovm  Side  of  a  Square,  x3m  Excels  of  the  Dia- 

TXV^XKt 
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meter  above  the  Side»  and  die  QuBhtit7  of  odicr 
lanes  determinateljr  phced  widiin  me  Sauare  ttasf 
be  eaTily  and  certainiy  known.  But  it  Ddoogp  td  . 
fpcculative  Geometry  to  apply  this  Kind  oi  Db* 
terminations,  and  be  converunt  idxwc  fuch  IX* 
mmfions,  viz.  to  that  Part  which  does  not  lb  niH 
mediately  invcftigate  the  Quandties  of  particular 
Magnimdes,  as  the  Realbns  of  univerul  ones  1 
from  which  notwithftanding  the  Dimcnfiom  dt 
Pftrdculars  do  flow,  or  are  founded  in  them. 

But  thofe  Meafures  are  determined  arUtrarily, 
which  are  applied  for  the  mealiuing  particular 
Quandries ;  which,  fince  of  dKmfelvcs  tney  have 
no  Apdtude  peculiar  to  it,  are  cholen  at  Pkafin 
from  among  infinite  others  of  thi  fame  Kii»d  1  and 
are  deputed  by  Compaft  or  Infdtudon  for  diis  Of- 
fice of  Meafuring.  Which  fort  of  Determinadon 
is  obtained  by  a  Pace^  a  Rod^  a  Furlongs  a  Mile^ 
and  others  employed  in  common  Ufc,  which  the 
praftical  Geometrician  a  flumes  for  the  Dimenfion 
of  panicular  Magnitudes.  But  we  mult  dwell  no 
longer  upon  Things  fo  evident  in  themfelves. 

A  third  Property  of  Meafure  is,  that  its  Quan- 
tity is  foreknown.  For  fince  (according  to  Art- 
Jiotlc\s  Definition,  Meafure  is  that  ivbofe  ^antity 
is  hic^ji-n)  the  Reafon  of  Meafure  effjecially  requires 
it  to  dccLire  an  unknown  Quantity,  itfelf  muft  firft 
of  all  be  known.  For  nothing  can  be  known  bv 
that  which  is  unknown,  nor  illuftrated  by  that  which 
is  obfcurc.  Uat  the  Knowledge  of  Quantities  is  of 
different  Kinds :  concerning  which. 

In  the  firjl  Place,  one  Kind  of  Knowledge  is  ra- 
dicJ^  ahfclutc  and  pri7na)y^  whereby  the  Quantity 
of  a  Thing  is  expofed  to  the  Senfcs,  and  immedi- 
ately difcerned  and  eftimated  by  them,  being  as  it 
were  feen  by  a  Kind^of  Intuition  without  further 
Comparilbn  with  other  Quantities.  By  this  what- 
foever  we  are  able  to  effccE  or  exhibit  in  Geometry 

is 
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is  accounted  known,  and  that  unknown  of  whofe 
Cbnftrudion  wc  are  ignorant.  As  if  a  Circle  be 
pro|K>fed  to  Geometricians,  the  Side  is  known  of 
die  infcribed  regular  Trigon,  Tetragon,  Pentagon, 
Hexagon,  De^on,  Pentecaidecagon,  and  all  that 
proceed  from  thefe  in  a  double  Number  (or  even  a 
Triple,  becaufe  any  afligned  Arch  or  Angle  may 
be  bifcftcd  by  plain  conunon  Geometry,  and  tn- 
fd9:ed  by  the  Conic  Seftions;  but  the  Sides  of  molt 
other  r^ular  Figures  are  more  unknown,  and 
jcarce  can  be  any  Way  exhibited  fcientifically. 
Moreover  the  Periphery  of  a  Particular  expounded 
Circle  may  this  Way  be  faid  to  be  known,  becaufe 
its  Quantity  can  be  apprehended  by  Senic,  though 
it  cannot  be  juftly  compared  with  a  Right  Line  ; 
and  perhaps  its  exaft  Proportion  to  this  can  never 
be  difcovered  by  us.  Notwithftanding,  as  a  Right 
Line  reprefented  to  the  Sight  imprefles  its  Species, 
and  begets  a '  certain  Judgment  concerning  itfelf, 
by  which  it  is  faid  to  be  known  :  fo  the  Circum- 
ference of  a  Circle  leaves  the  Idea  of  its  Quantity 
upon  the  Imagination,  according  to  which  it  is 
looked  upon  as  known.  Neidier  perhaps  is  a 
Right  Line  more  proper  and  fuitable  for  meafur- 
ing  the  Lines  of  its  own  Kind,  than  the  Periphery 
of  a  Circle  for  meafuring  circular  Peripheries,  and 
other  Lines  which  may  be  referred  to  them.  Again, 
thus,  and  no  otherwise,  are  known  all  the  primi- 
tive MeafureSy  to  which  Meajures  of  the  fame  Kind 
are  referred,  whofe  Quantity  can  be  fcarcc  any 
Way  explained  but  by  pointing  the  Finger  at 
them  and  anfwering  him  tl^t  enquires  about  their 
Quantity.  //  is  as  much  as  you  fee  or  perceive  by 
your  Senfe.  Whence  it  follows  that  it  is  principally 
required  for  a  Quantity  to  be  eftimable  by  fome 
Senfe  to  make  it  this  way  known,  and  taken  for 
an  original  Meafure  ;  and  confequently  that  it  be 
both  fubjeA  to  Senfe,  and  have  a  mean  Quantity 
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fi>  confifting  widiin  due  Limits,  thatdieScnfe  mif 
not  be  eaTuy  deceived  in  its  Efttmadoii,  i .  e.  dm 
if  any  thing  conGderaUe  be  added  to  it  or  taken 
from  it,  it  cannot  dcape  the  Senie.  Whereftre 
(d)AryieiU  well  oblerves,  dutt  the  kaft  ieofibk 
Magnitudes  art  moft  coirmiient  for  MMfians. 
Where  noibif^  can  be  added  mr  Ukm  aamf  hit 
the  Difference  nun  he  eafilj  perceived  md  bmm  fy 
Senfe^  that  will  le  the  m^  accMTsUe  Meafiare.  Bdt 
ieflier  Quantities  are  efpedally  (iich,  becaufe  the 
Increments  or  Decrements  of  greater  Quanddei 
lie  more  hid  from  the  Judgnrnt  of  the  Seoie. 
^That  which  is  taken  fnm^  or  added  to^  a  AWhv, 
Taknt^  or  umverfaUy  any  greater  Mfefitre  mofle 
more  bidj  than  that  winch  is  taken  from^  or  added 
tOy  a  Foot^  an  Ohdus^  or  leffer  Meap^.  Fram 
whence  the  Philolbpher  concludes.  That  all  Mm 
make  that  efpecially  a  MeafurCj  from  which  nothing 
can  be  deduSledj  as  to  the  Judgment  of  Senfcy  and 
think  they  know  a  ^antity  tben^  when  they  know  it 
byfucb  a  Meafure.  Therefore  are  all  great  Mag- 
nitudes quite  excluded  from  fuch  an  original  Mea- 
fure^  as  unfit  for  it  •,  becaufe  their  Differences  can 
cither  not  at  all,  or  not  exaftly  enough  be  judged 
of  by  the  Senfe.  For  as  Opticians  obferve,  the 
Diftances  exceeding  two  hundred  Foot  cantwt  he 
judged  by  Sights  the  Senfe  which  reaches  beyond 
all  others,  but  they  all  feem  equil  to  one  another  •, 
thus  the  Sun,  Moon,  and  fixed  Stars,  though 
fome  be  really  removed  from  us  fo  many  Myriads 
of  Miles  farther  than  others,  yet  they  all  feem 
t3  have  the  fame  Diftance,  and  be  placed  in  the 
Perimeter  of  a  Sphere  having  its  Center  as  it 
were,  in  the  Eye  of  every  one:  And  even  the 
Differences  of  thofc  Longitudes,  which  come 
nighcr  the  faid  Intervals  are  hardly  computed  by 

(il)  Met.  X.  1, 
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the  Senfe :  From  whence  it  alfo  comes  to  pafs 
that  (by  Reaibn  of  the  true  DifFerences,  not  rightly 
attended  to,  of  the  vifual  Rays  proceeding  fer* 
ther)  an  objefted  Plane  either  of  Land  or  Sea, 
ieems  to  arife  or  fwell  mto  a  gibbous  Surface.  But 
of  this  ienfible  Knowledge  too  much. 

Secondly  J  Quantity  is  known  from  a  0>mpari- 
Ibn  with  any  Meafure  judged  by  Senfe  in  a  Way 
expounded ;  viz.  when  it  is  known  what  Relation 
in  Quantity  it  has  to  that  Meafure^  how  often  it 
contains,  or  is  contained  in  it,  how  much  it  ex^ 
ceeds  or  fells  (hort  of  it.  This  Way  known  Quan-* 
tides  are  faid  to  be  mediate  or  fecondary  Meafures*, 
Magnitudes,  I  fay,  no  where  objeaed  to  the 
Sente,  nor  any  Way  eftimable  by  them,  may  fu* 
Ibiin  the  Reafon  of  a  Meafure j  if  their  Proportion 
to  other  Magnitudes  already  eftimated  by  Senfe 
fliall  be  found  by  an  Organical  Menfuration^  or 
any  lawful  Ratiocination.  Ex.  gr.  The  Semi- 
diameter  of  the  Earth  although  feen  to  no  Body^ 
and  beyond  the  Eftimation  of  Senfe,  may  yet  be 
the  Meafure  of  the  Magnitudes  and  Diftances  of 
the  heavenly  Bodies  -,  if  it  be  known  by  proper 
Hypothefes,  and  a  juft  Difcurfus  how  many  Fur^ 
lorigs.,  Paces  J  or  Feet  it  contains,  or  is  equal  to  ; 
or  if  it  be  fo  to  fome  of  thofe  Primitive  Meafures 
before  known,  as  fuch*  an  expounded  Right  Line 
is  to  another  Right  Line  exhibited. 

But  thirdly y  that  is  faid  to  be  known  by  a  pe- 
culiar Reafon,  which  is  exprefled  in  Numbers  de- 
noting its  Relation  to  fome  expounded  Quantity 
before  eftimated  (whether  it  be  efpecially  known  to 
us  by  familiar  Ufe,  or  be  alTumed  gratis  and  at 
Pleafure) ;  if  that  before  known  Quantity  be  con- 
ceived, either  as  undivided  (i.  e.  defigned  by 
Unity,  or  diftributed  into  equal  Parts,  and  deno- 
minated according  to  that  Divifion  by  a  certain 
dcternunate  Number,  and  then  it  be  found  what 

T  2  Number 


27^        MathmiOieMt  ZdSunt.    LbctIXVI 

Number  of  thofe  ecnAl  Ruts,  or  hair  nuny  of 
thofe  Units,  or  what  Fart  of  diat  Unit  a^tti  wirii 
the  Quantity  propofed  \  that  Quantity  will  be  did 
fiomuience  to  be  perfeftly  known,  f .  e.  known  in 
the  Farts  of  the  givett'JI£»;/iirr^«    Moceover  oficR- 
times  a  Quantity  ocherwife  czpounded  to  the  Senfii 
and  eftimable  mr  them  {i.  e.  whole  Reafixi  to  an 
expounded  Meaiure  may  be  cffimated  by  jlenfibk 
Limits)  is  neverthelefi  reckoned  unknown,  dTlks 
Ptopution  is  ftdooed  into  Numbers,  or  cjtpliiuBd 
by  Numbers  according  to  Ibme  fbled  Bm^fin. 
Mx.  gr.  Althougli  die  Ri^  Sine  of  30  Iwwr 
amoi^  others  be  drawn  m  a  Circle  and  oSnd 
to  the  Eve,  yet  its  Quandty  will  be  redoooBd 
putly  unknown,  till  by  Confidera&n  or  Aigo- 
ment  it  be  diicovered  equal  to  half  the  Radios  1 
and  then  its  Quantity  will  beefteemed  perfeftly 
known.    That  Things  arc  accounted  unknown, 
whofe  Reafon  in  Numbers  to  fomc  cuftomary  and 
mfual  Meafure  is  unknown,  feems  to  proceed  from 
many  Caufcs  :    As  /r/?,  becaufe  die  Judgment  of 
Senfe  is  more  flippery,  and  uncertain,   and  lefs 
fagacious  and  exadt  than  an  Eftimadon  of  Quan- 
tity founded  in  the  certain   Propordon  of  Num- 
bers.    Secondly^  Becaufe  Quantities,  or  the  Reafons 
of  Quantities,  are  more  eafily   and   conveniendy 
exhibited  by  the  Symbols  of  Numbers  reprefented 
in  the  Mind  than  really  by  the  Senfes.     nirdly^ 
Becaufe  the  fenfible  Species  of  an  Objeft  is  more 
vanifliing,  unconftant,  and  mutable,    than.  Num- 
ber, which  is  eafily  retained  in  the  Memory,  and 
committed  to  Writing,  and  is  obnoxious  to  alnx^ 
no  Changes  by  Increafe  or  Decreafe.     And  fourtlh 
Ijj  becaufe  the  Quantities   of  all  Things  are  re- 
duced  by  the  Intervention  of  Numbers  to  a  few 
very  familiar  Meafuresy  which  are  eftablifhed  by 
common  Confent.     Which  Caufes  (and  whatfbever 
more  there  may  be)  of  this  Thing,   (viz.  why 
4'  that 
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that  is  aocounted  as  efpecially  known^  and  per* 
fe£tly  diKOvered,  whole  Reafbn  is  exprefled  in 
Numbers  to  foinethir^  before  knownj,  though 
not  unworthy  our  Conuderadon,  I  now  m{s  by  in 
order  to  haften  to  fomething  el&.  So  rar  I  have 
touched  upon  the,  particular  Knowledge  of  Quan- 
tities: But 

.  Fourthly^  Every  Quantity  is  (aid  to  be  after  a 
Sort  known  and  determined  (as  we  have  faid 
above)  whole  gqieral  Nature  we  comprehend, 
thougn  we  are  ignorant  of  its  particular  Qu^« 
tity,  or  do  not  confider  it.  Thus  we  know  how 
a  Radhis  is  afiefted  in  a  Circle,  or  a  Side  in  a 
Square,  though  we  are  ignorant,  or  negleft  the 
Qpintity  of  this  or  that  pardcular  Radius  of  a 
Circle,  or  Side  of  a  Square.  Efpecially  thofe 
Quantities  are  known  which  are  kid  down  for  the 
Generation  of  others,  and  confequendy  determine 
every  Thing  following  that  Generation,  and  from 
thence  naturally  challenge  the  Place  of  a  Meafure. 
As  if  a  Circle  be  fuppofed  to  be  generated  from 
the  Revolution  of  its  Radius,  a  Square  from  the 
drawing  of  its  Side  into  itfelf,  or  from  its  dircft 
parallel  Morion;  then  bccaufe  the  Quantity  and 
Pofrtion  of  all  other  Lines  in  a  Circle  or  a  Square 
depend  upon  the  Quantity  of  the  Radius  ot  the 
one  or  Side  of  the  other  with  fuch  a  Morion  ; 
confequendy  thofe  are  not  undefervedly  reckoned 
as  prinurily  known  :  and  are  general  primirive 
M^ures,  from  a  Comparifon  with  which,  the 
Things  which  obtain  a  (imilar  Situarion  perpetu- 
ally determinate  in  reibeft  of  them,  are  conie« 
quently  known  by  a  bemral  Method ;  u  #.  the 
conftant  Proporrion  may  be  known  of  theie  to 
thofe,  and  therefore  the  particular  Quantity  of 
thefe  may  \k  alfo  known,  n'om  a  SuppdKtion  that 
the  particular  Quantity  of  thole  is  known.  For^ 
if  the  Proportion  of  two  Quani^pci  be  founds  thi^ 
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odicr. 

HitbeitD  conoenuDg  die  Fropodci of  Mt^mti 
k  ncyw  follows,  according  tDOorprapGHS  Medwdf 


tfait  wc  add  a  fiir  Tfangi  conociniBg  dK  fl^fff  ef 
Meafurvig.  Tholbare  Ttrioai,  bur  we  wffl  >i 
glance  at  fiune  of  die  nMft  principal  diiC  Mer 
Qieinielves  to  our  Thougba»  mm^aut&s  i^jptfMi- 
ifies  dicn  however  unknown  and  wntannMMMe  M 
compared  togcdier  (or  incafaed)  wkh  ftdi  ay  fte 
]cnown  and  detcnnmaie* 

/^^y?,  ByfeckingdidrProtwrtkMiby  pqieRB»> 
ibning.  This  from  a  given  tUdios  die  Ckonnf 
Cian  gadicrs  die  Qontky  of  die  Sde  of  tt  v* 
fcnbed  regular  Trigon,  by  demonfbadng  from  b 
own  Principles  that  it  is  triple  the  Radius  in  Power. 
So  alfo  from  the  Foreknowledge  of  the  apparaiC 
Diameter  and  true  Diflance  of  the  Moon  from  die 
Eye,  by  help  of  the  Canon  of  Sines  confhudcd 
fix)m  geometrical  Reafonings,  may  be  fhewn  the 
Quantity  of  its  true  Diameter.  This  Method  is 
altogether  theoretical,  whereby  the  general  Dimen- 
JSon  of  Quantities  is  performed,  which  Reafon  on- 
ly can  attain  i  and  confcquently  is  fbiftly  perfcft 
ftnd  exaft, 

Secondlyy  By  organical  Dimenfion  alone,  which 
ferves  for  applying  the  Quantities  of  unknown 
Things  to  the  Numbers  of  a  determinate  Meaiure; 
^Ipccially  thofe  Quantities  which  cannot  be  efti- 
niated  by  Senfe,  at  leaft  not  commodioufly  and 
accurately.  Thus  we  meafune  Arches  and  Angks 
by  circular  Quadrants  diftributed  into  Degrees  and 
Minutes,  andLongitudes  by  Rules  and  Scaks  di- 
vided into  equal  Particles.  This  Method  is  only 
employed  about  particular  Quantities,  and  is  purer 
ly  mechanical,  and  therefore  neifpr  llridUy  prcr 
jpjf^  ^4  acqurate« 

The 
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The  third  Method  is  by  R^afoning  and  orga- 
nical  Dimcnfion  conjunftly,  by  the  Labour  of  the 
Mind  and  Mechanifm  of  the  Hand.  Which  in- 
deed is  praftical  and  converfant  about  Particulars, 
yet  fo  as  to  need  the  help  of  general  Theorems, 
whence  it  is  Lime  on  one  Leg,  but  walks  dircft 
and  certain  with  the  other  ;  which,  as  it  applies 
the  Rules  of  Geometry,  has  a  certain  Divinity  and 
Participation  of  eternal  and  indefeftiblc  Truth, 
but  as  it  reqiures  mechanical  Labour  is  fallible, 
mutable,  and  obnoxious  to  Miftakes  and  Errors. 
By  this  Method  we  not  only  meafure  all  Things 
that  arc  placed  within  the  Reach  of  our  Sigtit  or 
Feeling,  but  alfo  innumerable  Things  inaccdfiblc 
to  ourSenfcs,  and  hardly  to  be  comprehended  by 
tfie  Mind  ;  fuch  as  the  Profundity  and  Circum- 
ference of  the  Earth,  the  Magnitudes  and  Inter- 
ftices  of  the  Stars,  and  whatfoever  has  any  Pro* 
portion  fenfibly  finite  with  Quantities  fubjeft  to  an 
organical  Dimenfion  or  in^rumental  Menfuration. 
For  from  the  Proportion  of  the  Things  mechani- 
cally meafured  to  others  exceeding  that  Dimenfion, 
we  may  alfo  infallibly  difcover  the  Quantity  of  thefc 
by  help  of  Geometry. 

Fourthly^  To  thcfe  I  fubjoin  the  Method  l>y 
which  we  anfwer  fuch  as  enquire  after  the  QuaH'- 
tity  of  a  Magnitude  by  really  exhibiting  it  to  the 
Senfes  to  be  cftimated  or  to  be  reduced  to  the 
Numbers  of  any  known  Meafure  by  the  faid 
mechanical  Dimenfion.  As  if  one  afk  the  Quan>- 
tity  of  a  Right  Line  touching  a  propofed  Circle 
from  a  given  Point.  The  Queftion  will  be  fatisfied 
in  part  by  drawing  that  Right  Line  geometrically, 
and  (hewing  it  to  the  Eyes  of  the  Querent.  For 
thus  he  will  either  difcern  its  Quantity  by  looking 
upon  it,  or  find  to  how  many  Particles  of  a  known 
Meafure  it  is  precifely  or  nearly  equal,  by  examin- 
ing it  according  to  fomc  Scale, 

T  4  'X^wt 
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The  ffib  Met)iod  b  ^  wherdiy  an  ofiknown 
Quantity  ma^  be  dcckml  by  finne  Equadoo* 
which  ocDrefl^  its  RebdOD  to  ocher  known  Qwift- 
tities,  and  confequemly  offers  it  to  the  Mind  to  be 
comprehended ;  the  anificial  Refi)Iut]Qn  of  iriudi 
Equation  according  to  certain  Rules  acconunodattd 
for  that  purpofc,  and  prefcribed  in  die  Dodrine 
of  AnahfiicSj  will  entirely  perform  thb  l^menfioOt 
^d  difcover  the  Quandty  fought  cither  Geomecri- 
cally  or  Arithmetically.  Thus  if  there  be  gnren 
th(:  Radius  of  a  Circle,  and  Tangent  df  an  91^ 
^gned  Arch,  and  die  Quantity  of  the  Tangent  of 
tl^  double  Arch  be  foi^ht,  puttinj;  r  for  Kadm» 
a  for  the  given  Tangent,  and  x  for  the  Tangent 
fought,  die  Quandty  foi^  will  be  leprdemed 
by  this  Equauon:  xrr— «Ai=s2rr«;  or  rr— m: 
2rr ::  a  :  X.  i.  t.  The  Tangent  of  the  doubfe  Arch 
fought,  bcjng  drawn  into  the  Difference  between 
fhc  Squares  of  the  Radius  and  the  known  Tan- 

fent  of  the  fingle  Arch,  is  equal  to  twice  the 
quare  of  the  Radius  drawn  into  the  Tangent  of 
the  fingle  Arch.  Or  which  comes  to  the  fame,  by 
this  Analogy :  Thp  Difference  between  the  Scpxare 
of  the  Radius  and  the  Square  of  the  ^ven  Tangent 
will  be  in  proportion  to  twice  the  Square  of  the 
Radius,  as  the  given  Tangent  is  to  the  Tangent 
fought.  By  which  Theorem  the  moft  excellent 
p.  Pell  refuted  the  Quadrature  of  Lcngomontanus. 
Alfo  if  tlie  Subtenfe  of  any  Arch  ht  given  in 
Numbers,  ^nd  Unity  put  for  the  Radius  of  the 
Circle,  and  die  Quantity  be  fought  of  the  Subtenfc 
of  the  triple  Arch  :  putting  z  for  the  given  Suh- 
tenfe,  and  ^  fqr  the  Subtcnfe  fought,  the  fought. 
Quantity  will  be  declared  by  this  Equation  :  f^z^z 
—2'  ;  or  qr^  —  'izr^^zK  i.  e,  The  requiredSub- 
fenfe  of  the  triple  Arch  will  equal  rfiric^c  the  Subr 
tenfc  of  the  given  fijbtriple  Arch  lei&  the  Cube  of 
the  faid  Arch.    Which  Theorem  may  be  ufefiil  for 

die 
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the  &fne  Purpofe.    But  we  will  not  dwell  upon 
explicating  thofe  Things  any  farther. 

Yet  I  b^  your  Patience  a  little,  while  I  am 
liehtly  touching  upon  the  other  principal  Notion 
otMeaJure^  that  I  may  not  trouble  you  again 
during  the  litde  Remainder  of  this  Term  :  But  if  I 
ieem  more  prolix  than  is  fitting  or  cuftomary,  I 
would  have  you  to  inteipirt  it,  as  proceeding 
from  my  exceeding  UnwilUngnefs  to  be  tom  fix>m 
jour  Prefence  arid  Society,  and  fo  loon  to  bid 
you  Farewell.  The  other  principal  Acceptation  of 
Meaiiire  according  to  which  it  always  defigns  in  the 
Elements  that  which  being  fome  Number  of  Times 
icaken  exaftly  compofes  and  conftitutes  or  fome 
Number  of  Times  taken  away  deftroys  and  quite 
exhaufts  the  homogeneous  Thing  meafured,  has 
already  been  abundandy  defcribed  in  the  preceding 
Lefturc.  As  to  which,  the  Menfurahility  here 
meant  does  alfo  agree  with  all  Quantities  whatib- 
cver;  for  every  Quantity  CMagnimde  originally 
and  fmiply,  but  all  the  reft  fecondarily,  and  confe- 
quentially)  is  its  proper  Way  menfurable^iccordingto 
this  Notion,  i.  e.  is  divifible  into  any  Number  of  equal 
Parts  or  Degrees  ;  or  is  denominable,  reprefentable, 
or  explicable  by  any  Number:  ^sii\tRa^us  of  a  Cir. 
de  however  fmall  is  fuppofed  by  Trigonometricians 
to  be  divided  into  a  hundred  thoufand,  or  a  thou* 
fand  thoufand,  or  as  many  more  as  ycu  pktfe  of 
equal  Particles ;  and  any  Time  however  (hort  may 
be  divided  into  any  Number  of  minute  Parts  ac* 
cording  to  the  Will  of  the  Computant;  alfo  as 
many  Degrees  of  any  Velocity  or  Weight  may  be 
jfuppofed  as  any  one  (hall  think  convenient :  For 
every  Number  is  a  fit  Symbol  of  every  Quantity^ 
and  capable  to  fignify  it :  and  as  every  madiema- 
peal  Number,  confiftLng  of  equal  Units,  is  com- 
pofed  of  Unity  fo  often  taken,  and  exhaufted  by 
y nity  fo  often  taken  away,  i.  e.  is  exquifitely  divided 
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and  mcafurcd  by  it ;  fb  corrdpondendy  die  Qgan- 
dty  expref&d  by  any  Number  (i.  e.  acoordii^  to 
d^  Exigence  ot  that  Number  diftributed  into  to 
many  Parddes,  anfweriog  to  Unity)  is  mea£]icd 
by  any  Pardcle  which  is  defigned  l^  Unity. 

Here  feems  to  be  nothing  of  Difficulty^  or-Ob- 
fcurity  :  and  the  QiJ^ddes  compared  with  refpeft 
to  fuch  a  Meafure  are  by  Geometricians  wont  to  be 
called  Symmetrous  or  JJJjfmmetrmis^  i.  e.  Cmrnm- 
furahle  or  Inctmmenfiirable^  and  icarce  any  Thnig 
in  die  Mathemadcs  is  m(M«  wonderful  or  more 
ufeful  than  the  Contempladon  of  diole  Pnymies, 
though  nothing  more  remote  from  a  vulgu*  Ca- 
pacity and  Conception.  AriftoiU  obferves,  m  an 
Inftance  taken  hence,  how  much  the  Adauntkn 
of  the  unlkilful  Multitude  does  diSer  and  oppde 
the  Opinion  of  learned  and  knowing  Men ;  for  die 
AJfymmetry  or  Incommenfurahility  of  the  Diameter  of 
a  Square  with  its  Side  is  reckoned  among  thofe 
Things,  which  the  Vulgar  do  efpecially  wonder  at. 
It  (a)  feems  wonderful  to  all  that  a  great  "Thing 
cannot  he  exbaujled  by  any  very/mall  meafure  of  an- 
other homogena)U5  ^iantity  \  but  on  the  contrary^  a 
Geometrician  would  wonder  at  nothing  more  than  if 
Ibis  did  not  happen.  Plato  pathetically  laments  the 
common  Ignorance  of  this  Property,  which  he  alfo 
calls  a  ridiculous  and  fhameful  Ignorance  reding  in 
the  Minds  of  moft  Men  :  And  he  feems  to  fzv 
that  the  Want  of  this  Perceprion  is  not  fo  mucn 
human  as  brutifti.  /  have  wondered,  fays(*/he, 
at  our  Affellion  about  thefe  Things,  and  to  me  it 
feems  not  to  be  human,  but  rather  an  Affection  of 
brute  Beafls.  Therefore  he  profeffes  himfdf  afhamed 
for  the  Sake  of  all  his  Countrymen,  becaufe  moft 
of  them  were  ignorant  of  fo  obvious  a  Property 
of  Quantities  \  and  being  rather  carried  away  with 

{a)  Met,  I.  2^  iPi  Plato  VII.  dc  Leg.  xtn^  Flnem. 
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a  contrary  Errour  thought  all  Magnitudes  of  the 
fame  Kind  to  be  commenjurable.  I  am  ajbamed^ 
lays  he,  not  for  my  felf  onlyj  but  alfo  for  all  Gre^ 
eian5\  &c.  Let  us  then  take  up  a  little  Time  in 
contemplating  this  wonderful  rroperty. 

As  to  Symmetry  or  Commenfurabilityy  with  the 
vulgar  and  foreign  Writers  it  fometimes  denotes  a 
due  Qoantity  of  any  Thing  conftituted  within  dc- 
cermtnite  Bounds,  agreeable  to  its  Nature.  Thus 
jtrytotie  (c)  in  his  Ethics.  An  over  plentiful  (fays 
he)  as  well  as  over  fparing  Siuantity  of  Drinkables 
and  Eatables  do  equally  injure  ana  dejlroy  the 
Heatif^  but  a  commenfurable  Share  does  belpy  in^ 
treafeand preferve  it.  Where  Commenfurable  does 
figmfy  moderate,  convenient,  neither  exceeding 
nor  filling  Ihort  of  its  due  Quantity.  Alfo  Plato 
in  his  Politics  fays,  fecondly^  concerning  what  is  com^ 
menfmrate  and  beautiful  and  perfect  and  convenient. 
'  Whcie  Commenfurate  is  of  kin  to  Beautiful^  Per^ 
fe£t^  and  Convenient^  which  fhew  how  it  is  taken. 
But  the  Symmetry  of  a  Thing  compofed  of  various 
Parts  does  more  often  defign  a  decorous  and  apt 
Agree^ient  or  Conformity  in  the  Parts  to  one  another, 
in  ¥^ch  the  Beauty  and  Elegance  of  Things  does 
principally  confift :  wherefore  fuch  a  Symmetry  is 
chiefly  confidcred  in  Architecture^  and  is  thus  de- 
fined by  Vitruvius(d)^  Symmetry  is  a  convenient 
Confent  from  the  Members  of  the  IVork  itfelf^  and 
from  the  Parts  feparated  to  the  Appearance  of  the 
whole  Figure^  anfwerable  to  a  Part  fuppofed.  Ac- 
cording to  which  Acceptations,  it  plainly  appears 
on  the  contrary  what  i§  AJfymmetry  or  Incommenfura^ 
bility^  viz.  an  enormous^  difproportionate^  dif^ree^* 
abUy  excejfive^  or  defective  S^uantity  of  a  uhing. 
But  pafling  by  thofe  vulgar  Acceptations  i 

(r)  E*.  II,  a.  (d)  Vitrev.  I.  2. 
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Sicmidlyy  SymmOry  or  Cmmrnnfiirai^j^  ^iae^ 
fiimedmes  deix)ce  any  CmfarMGty  t^eAetf  i«  t$ 
$§mniity^  of  Magmoidet,  or  other  Ouuidnq|V  & 
ijttt  acconliitt  to  die  odier  moce  einu^ 
tion  of  the  W  ord  Meffure  diis  figmfies  to 
the  SlyanHiUs  of  mUgs  i^etbcr^  cr  t§  in  _^  ^ 
tb$  PrufforUoH  of  an  M$iimum  ^jf^mity  toskmATmn. 
In  which  fiaife  Symw^rmu  is  all  one  wtk  mmge- 
neous \  and  J^metroiu widi  £feter^«MMtf i.as nr 
as  all  Quandoes  of  the  fame  Kind  are  pRmoitionil 
to  one  another^-  and  corifeygntiy  are  tms  Way 
commenfuraUe  i  but  Quuttities  ofa  diflereat*lUna 
have  no  Proportion  to  one  anodier,  a«d .  wfe* 
quendy  can  be  no  Way  commenfurste.  -Thp  a& 
Lines  zxtfj^mafms  to  one  another^  but  arliDe 
in  refpc^  of  a  Superfice^  a  Body»  Tiwc^  Wtkh 
city,  or  Weight  is  affymmetrous. 

But  commonly  among  Geometricians  diofe  Quan- 
tides  are  more  ftriftly  called  commenfuraUe^  i^ich« 
may  be  meafured  by  the  fame  homogeneous  Qi^- 
tity«  i.  e.  perfe£Uy  divided  lb  as  to  have  noRe- 
mainder,  and  are  quite  exhaufted  by  a  continued 
Subtra&ion  of  it :  or  die  fame  Quandty  of  wUch 
is  an  aliquot  Part  of  both :  or  wliich  is  as  one 
^J^Tumber  to  anaher  of  that  Kind,  afcribing  Unity 
to  Numbers.  Thus  an  Incb^  a  Fooi^  and  a  Pdce^ 
are  commen/urate  Lines,  becaufe  an  Inch  taken  onoe 
makes  itfelf,  taken  twelve  Times  makes  a  Fooi^ 
and  fixty  Times  a  Pace :  or  becaufe  thofe  Lon- 
gitudes are  to  one  another  as  tli^  Numbers  i,  la, 
60.  So  aMb  in  Money  a  Mark  and  a  Pound  are 
commenfume  bccaufe  a  Groat  ("or  the  third  Part  of 
a  SbUUfig)  meafures  bodi,  viz.  taken  forty  Times 
it  makes  a  Markj  and  fixty  Times  a  Pounds  or 
becaufe  they  are  to  one  another  as  2  and  3.  In 
Times,  the  Cycle  of  the  Sun  is  commenfuratc  with 
the  Cycle  of  the  Moon^  becaufe  tb^  former  is  to  the 

lattqf 
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latter  as  28  to  19,  and  one  Year  meafures  both. 
But  theie  Things  are  plain  enough. 

Thofe  Quantities  are  Incommenfurate  of  which 
no  Qommon^Meafurej  thou^  ever  fb  final!,  can  at 
all  be  found ;  there  being  none  fuch  in  the  Nature 
of  Things,  which  can  compjieady  divide  bodi 
without  a  Remainder;  or  which  may  have  any  Pro* 
portion  explicable  by  Numbers  integer  or  fraded  : 
eonieouently  if  one  of  them  be  ezprefled  by  any 
Numoer,  the  other  will  be  entirely  inexplicable. 
A  moft  famous  and  notorious  Example  of  whidi 
Afieftion  is  that  of  the  Side  and  Diameter  of  a 
Square,  which  are  fo  afiefted  together  that  no 
line,  though  ever  fo  fmall,  can  mea&re  both. 
But  if  the  thouland  thoufandth  Part  of  one,  ex.  gr. 
the  Side  be  applied  to  the  Diameter,  or  taken  frohi 
it,  as  often  as  it  can,  there  will  always  fomething 
remain,  and  the  Congruity  or  Divifion  can  never 
be  compleat.  And  this  is  that  wonderful  Pro- 
perty which  almofl  exceeds  human  Capacity,  and 
fo  puzzles  fuch  as  are  unaccuflomed  with  thcfe 
Things ;  which  perhaps  will  yet  feem  more  won- 
derful, if  we  confider  the  Obfervations  we  fhall 
fubjoin. 

rirjij  That,  if  two  incommenfurdble  Quantities 
A  and  B  be  propofed,  a  Quantity  may  be  found 
commenfurable,  ex.  gr.  to  A  in  any  Proximity  to 
B,  or  whofe  Difference  from  B  is  lefs  than  any 
aflignable  Quantity ;  which  may  eafily  be  demon- 
ftrated  and  inferred  (if  I  remember  well)  from  a 
Lemma  demonflratcd  in  the  third  Book  of  Tbeo- 
dofiufs  Spherics :  From  whence  it  appears  that  that, 
whatfoevcr  it  be,  from  which  this  {e)  Incommertfu- 
rability  arifes,  and  by  which  an  Incommenfurable 
Quantity  exceeds  or  falls  fhort  of  another  Com- 
menfurable  one  by  a  Quantity  expounded  will  be 

(r)  Vide  CavalL  Exerc.  p.  526. 
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infimtely  Ikdc,  f.  e.  kfi  dian  any  Qganiitjr  afl]|i» 
bk  or  compi«hc»Gbk  to  the  Mind :  WhidiBtlib 
emi^Y  manifeft  from  the  EaonBSaa  of  the  Rmii 
^  liidh  Numbers  as  ait  cslkd  Irr^Hmd :  ror 
there  an  Approach  h  ahvap  made  neaaer  and 
nearerthetrue  Value  of  dK  Root  ibugHt,  aad'Ttt 
the Juft  Value  can  never  be  obtained. 

Secondly^  and  eQ)ecialIy»  That  Qgudtks  liie  not 
only  fim^y  ituimmtnfwibU  but  alto  jleem  to  admit 
many  (pemaps  infinite)  Dc;{;rees  of  IneommmAnh 
hlity\  fo  thsit  one  Quantity  in  lefpeft  of  any 
Quandty  expounded  may  be  fiutfaer  lemovtdfiom 
Commenftirabilky  than  anothcr»  and  anodier  An 
th]$»  and  lb  on,  till  inre  come  to  Ibme  esoeme^ 
which  is  infinitely  diftant  from  the fiift.  JSkdiihu 
obierved  that  certain  Lines  axe  inoommcofiBabk 
to  any  Line  expounded  not  only  in  Length,  but, 
which  is  more,  even  in  Power  :  and  alio  that  the 
Biquadrates  of  fome  Lines  are  incommenflirable  to 
the  Biquadrate  o^a  Line  expounded,  and  reipe£tively 
all  the  Superior  Powers  of  thefe  to  the  coordinate 
Powers  ot  that.  Therefore  if  a  Power  denominated 
by  a  Number  at  an  infinite  Diftance  from  Unity 
be  incommenfurahle  to  an  expounded  Power  re- 
foedtively  coordinate,  the  former  feems  to  have  in- 
finite D^rees  of  IncommenfurabUity  with  refpeft  to 
the  latter.  And  thus  the  Circunrfercnce  of  a  Circle 
feems  to  be  with  Refpeft  to  the  Radius.  For  die 
Side  of  the  infcribed  Square  is  incommenfurable  to 
the  Radius  in  Lengdi,  and  confeauendy  the  Am- 
bit of  the  Square  is  incommenfurahle  to  the  Radius, 
Alfo  the  Stiuare  of  the  infcribed  05lagon  is  inann' 
menfurahle  to  the  Sq^uare  of  the  Radius^  and  conic- 
quendy  the  Square  of  the  0£f agonal  Perimeter  is  in- 
commenfurahle  to  the  Square  of  Radius.  And  thus 
the  Ambits  of  all  regular  Polygons  infcribai  in  a 
Circle  have  their  fuperior  Powers  incommenjuraie 
with  the  coordinate  Powers  of  Radius  j  from  whence 
4  die 
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die  laft  of  thefe  Poly^ons^  i.  e.  the  Circle  itfelf  docs 
icem  to  have  its  Penmeter  infinitely  tncotntnenfurahle 
with  the  Radius.  Which  if  true,  will  put  a  final 
End  to  the  ^adrature  of  the  Circle,  fince  the  Pr^ 
portion  of  the  Circumference  to  the  Radius  is  thence 
altogether  inexplicable  from  the  Nature  of  the  Thing, 
and  confcquently  that  Problem,  requiring  the  Ex- 
plication of  flich  a  Proportion,  is  impoflTible  to  be 
folved  5  or  rather  it  requires  that  for  its  Solution, 
which  is  impoffible  to  be  apprehended.  For  a 
Problem  is  refolved  in  two  Points,  viz.  either  by 
ihewing  what  it  is,  and  how  that  may  be  done, 
which  is  required  ;  or  by  difcovering  that  it  cannot 
be  done.  But  this  great  Myftery  cannot  be  ex- 
plained in  a  few  Words  -,  if  Time  and  Opportuni- 
ty had  permitted,  I  would  have  endeavoured  to 
produce  many  Things  for  the  Explication  and  Con-  . 
firmation  of  this  Conjefture. 

Laftlyj  not  to  be  any  longer  tedious,  I  would 
only  admonifh  you  farther,  that  the  principal  Rea- 
fon  of  Incommenfurahility  feems  to  be  founded  in 
this,  that  fince  a  Mean  Proportional  Number  may 
always  be  found  between  two  plane  fimilar  Num- 
bers (i.  e.  between  fuch  as  are  generated  from 
the  Multiplication  of  proportional  Numbers)  becaufe 
die  Produft  made  by  the  Multiplication  of  plane 
fimilar  Numbers  is  always  a  Square  Number, 
whofe  'Root  is  that  Mean  Proportional  -,  alfo  be- 
tween ^two  fimilar  folid  Numbers  there  always  lie 
two  Mean  Proportionals  :  And  by  a  like  Reafon 
between  two  fimilar  Piano-plane  Numbers  are  three 
Mean  Proportionals^  and  fo  on  continually  as  to  all 
other  imaginary  Dimenfions  beyond ;  fince  I  fay. 
Things  are  thus  in  fimilar  Numbers,  and  it  is  de- 
xnonftrated  in  the  Elements^  that  it  happens  quite 
otherwife  in  all  diflimilar  Numbers ;  (for  on  the 
Part  of  the  Thing  there  is  no  Mean  Proportional 
Number  between  two  diflimilar  plane  Numbers,  nor 

between 
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between  two  diiri0ular£didNumben»  norbecwom 
two  diflimilar  Plano-phne  Niiinben»  and  lb  00^ 
which  is  alio  there  fliewn ;)  hcnce»  if  two  Qglii- 
dties  are  fuppofed  to  be  to  one  another*  in  the; 
Reafim  of  two  plane  djffimilar  Nunibent  and  a 
MeM  Prafortional  be  feund  between  thofe  O«o- 
tides,  which  may  penpietually  be  daoe»  became  cf 
the  indefinite  DiviuUlity  ot  evcnr  QuBntit]^^  there 
will  be  no  Number  m  univerfid  Natnre  wfaidi  cu 
reprefent  or  anfwer  to  this  Ouodiyt  and  ooude- 
quently»  thofe  bdng  {xxgjfobl  and  expieBed  hf 
Numbm,  this  will  be  iiutmwukfitrM.  Bf  die 
fime  Argument,  if  two  Mum  Pr^trtimud  Q^tn- 
tities  be  found  between  two  Qmnddet  caaxtflEcd 
bv  diflimilar  folid  Numbers  (whidi  the  Nanire 
ot  the  Thing  will  permit  to  be  done)  the  wfaok 
Scries  of  Numbers,  how  great  focvcr  it  be,  will 
afford  no  Number  capable  of  reprefenting  them  ; 
and  confcquently  thek,  in  refp^  of  the  Quan- 
tities expounded,  will  be  altogether  ineffable  and 
incotnmenfurable. 

From  whence  it  appears  by  the  Way,  how 
much  more  infinitely  narrow,  and  as  it  were  poor^ 
the  Nature  of  Numbers  is,  than  of  all  other  Quan- 
tities -,  for  comparatively  fjpeaking,  rational  or 
common  Numbers  do  fuffice  for  exprefling  but  very 
few  Quantities  :  and  both  the  Sides  and  Areas  of 
moft  regular  Figures  are  no  otherwife  to  be  exhi- 
bited and  explicated  than  by  Surds  and  irrational 
Numbers.  But  we  can  only  now  hint  at  thcfc 
Things  curforily  and  in  Hafte,  which  require  a  lar- 
ger Explication. 

Nothing  now  remains,  but  that  I  return  my 
due  Acknowledgments  of  Gratimdc  to  you,  my 
moft  judicious  and  courteous  Auditors,  for  your 
great  Patience  and  kind  Indulgence  of  thefe  Things 
of  lefs  Conlequence  during  the  whole  Courfc  of  this 
long  Term.     I  wilh  what  is  to  come  may  be 

more 
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more  worthy  your  ib  benign  and  candid  Atten- 
tion, and  more  acceptable  to  your  Defires  ;  that 
it  may  more  delight  your  ingenious  Curiofity,  and 
let  a  greater  Edge  upon  our  oWn  poor  Induifay. 
In  the  mean  Time  I  bid,  I  l^eaitily  wifh  you 
farewel,  and  fb  recommend  you  to  the  good 
God. 

^e  LeSlures  hitherto  are  writ  as  they  were  read 
publickfyj  the  Order  being  no  where  interrupted  \ 
I  now  break  the  Series.  For  fince  I  am  nei^ 
iher  obliged^  nor  able  to  exhibit  all  in  fewer  than 
ten  LeHures  at  leaft,  by  Reafonof  the  Great- 
nefs  of  the  Labour  and  Want  of  ^tme  \  I  have 
purpofed  to  annex  the  three  laji  to  fome  few 
yet  remaining. 
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LECTURE    XVL 

Of  the  Homogeneity  and  He/ercgeneify  of 
^entities. 

MOST  learned  Auditors,  I  am  glad  to  find 
you  in  Healdi,  and  wifh  you  a  long  Con- 
tinuance of  it,  and  without  further  Preface  apply 
to  my  Talk,  proceeding  in  my  former  Memod« 
I  fuppofe  you  remember  we  propofed  to  treat  of 
the  General  AffeSiions  of  Magnitudes,  and  of  other 
Quantities  from  thence*  A  few  of  which  having 
already  diligendy  enquired  into,  as  well  as  I  am 
able,  I  have  now  reached  nigh  the  very  Soul  of 
the  Mathematics,  viz.  to  Proportionality j  On  which 
almoft  every  Thing  depends  in  the  Mathematics 
which  is  wonderful  and  abftrufe.  But  fince  Pro* 
portionality  confifts  in  the  Comparilbn  of  Propor- 
tions, and  Proportion  in  the  Comparifon  of  Quan^ 
tities,  it  feems  expedient  by  way  of  Preparation 
to  confider  the  Comparability  of  Quantides,  efpe- 
ciaUy  that  which  is  requUite  to  Proportion.  For 
all  Quantides  cannot  be  fo  compared  together,  as 
to  be  faid  to  have  a  mutual  Proportion^  but  only 
chcfe  that  more  nearly  touch  one  another  in  a  pecu-* 
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liarRefpeft,  for  ivhkh  Caufe  they  ait  iront  to  be 
called  Homogenetms. 

We  come  ixm  therefore  ID  treat  of  the  Hmi^ 
%xAlUterogeneityd[QgMasag%.    Ahdkis  hnefiil 
to  be  noted,  that  hmSes  the  common  Attiftaia» 
which  agree  with  all  Qmntities  di      _ 
from  what  is  void  ofQuiuy  (inzT  all  jCndscf 
Extmjiimj  DhifiUlily^  Mtnjkrdb^^  and  the  fir 


5,)  there  are  odw  IXfibences  which  di- 
f^ngailh  Quantities  from  one  anodier,  and  diftri- 
bute  them  into  fuboidinafie  dnera  ot  Kiads ;  to 
that  all  thofe  Quantities  which  are  contained  ai- 
der one  of  thofeKinds  are  called  Honugaums^  and 
thofe  under  different  mnds  H^engaieMs.  WUdi 
fubordinate  Kinds  of  Quantides  difpofed  as  fi>  maiij 
Qaffes  and  Predicaments  of  Qoanaty^  almcft  die 
feme  way  under  Quantity  as  the  common  Predi- 
caments under  Entity  -,  are  very  different  from 
one  another,  having  nothing  common  or  fimilar 
befide  the  general  Affcftions  of  Quantity :  But  the 
Agreement  and  general  Reafon  of  the  E&verfity  of 
thefe  is  the  Aptitude  or  Ineptitude,  Capacity  or 
Incapacity  of  Quantities  to  a  Compofidon  or  Co- 
alidon  into  feme  Whole,  or  to  a  Subtrafticxi  or 
Conftitudon  of  a  new  Remainder :  or,  if  I  may  lb 
fpeak,  it  is  the  Addibility  or  Inaddibility  of  one 
Quantity  to  another,  the  Subducibility  or  Non-fub- 
ducibility  of  one  from  another  :  or  it  is  the  com- 
prehenfibly  certain  Excefs  of  one  above  the  other, 
or  Defcft  of  one  below  the  other ;  or  it  is  the  In- 
capacity of  fuch  an  Excefs  or  Defeft,  and  hence  of 
the  Equality  or  Inequality  of  one  with  Refpcft 
to  the  other  :  In  thefe  Things,  I  fay,  with  their 
Concomitants  or  Confequehts  is  founded  the  Rcdbn 
of  Homogeneity  and  Heterogeneity  refpeftively.  For 
of  the  Things  which  are  fo  affe£ted,  that  they  may 
be  Parts  of  one  Quantity  conceiveable  by  itfclf> 
that  tli"7  may  be  gathered  into  one  Sum,  aug- 
ment 
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ait  one  another  by  Addition,  or  diminifh  by 
bftraftion,  differ  fix)m  one  another  by  a  certain 
cceis  or  Defedt,  and  may  be  properly  and  fitly 
d  one  to  be  equal  to,  greater.  Or  lefler,  than  an- 
icr,  thefe  are  Homogeneous  pertaining  to  the  feme 
afles  of  Quantities  comparable  to  one  another : 
id  what  are  otherwife  are  Heterogeneous^  and  to. 

referred  to  different  and  unlike  Tribes.  But  if 
:  purfue  farther  into  the  Original  of  this  Diver- 
f,  and  examine  whence  fiich  an  tncomparability 

Quantities  does  arife ;  we  will  find  it  txy  pro« 
sd  nearly  from  thefe  Caufes. 
Firft^  from  the  very  different  Nature  of  certain 
oantities,  by  which  it  happens  that  thev  cannot 
"  fubjeft  to  one  common  Meajure^  tnat  may 
ually  agree  with  both;  nay,  the  Mind  itfelf  cart 

way  conneft  or  conceive  mem  as  one  determi- 
te  uniform  Compound  •,  nor  any  way  compare 
;m  together  according  to  Equality  or  Inequality, 
ccefs  or  Defcft.  Thus  ex.  gr.  Magnitude,  Weighty 
slocity.  Time,  Refiftance,  and  Force  are  Hetera^ 
neous  and  not  to  be  compared  together,  becaufe 
jy  are  fo  different  in  Nature  that  they  meafure 
dung  in  common,  nor  can  any  of  them  be  con- 
fted  together,  be  congruous,  or  enter  any  Com* 
«nd  not  very  deformed  and  chimerical  ;  they 
tinot  be  adequate,  exceed  or  fall  (hort  of  one  an- 
ler,  or  any  way  be  conceived  to  affe£l!  one  ano- 
vc  in  Refpeft  of  their  Quantity.  For  who  can 
derfknd  what  is  the  Sum  of  two  Years  added  to 
ree  Miles  ;  or  how  much  three  Ounces  of  Weight 
ceeds  two  Minutes  of  Time  -,  or  what  remains 
ier  the  Deduftion  pf  four  Etegrees  of  Velocity 
>m  thre^  Cylinders  ?  No  more  can  any  Number 

Mufical  Tones  be  equal  to  fo  many  Rays  of 
ght,  or  the  fame  Number  of  Smells  to  fo  many 
>lours.     Their  huge  Diflimilitude  and  Difbmce 

Nature  hinders  Aem  fi"om  being  any  intelligible 
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Way  referred  to  one  anodier  according  to  Quan- 
tity. Tht  Quantity  of  Magnitude  b  continual, 
fimulcaneous,  abfolute,  and  obvious  to  the  Senles : 
The  Quantity  of  Time,  vaniihing,  fucoeflive,  ima- 
g}nable  only  in  the  Mind,  confequent  and  fignifi- 
cative  of  Motion :  The  Qjuntity  of  Vdocir^  de^ 
pends  mxm  the  conjunftRcajfons  of  Time  and 
Space :  Weight,  Force,  and  Refifiance  impiv  cer- 
tain A&icuis  and  are  eftutnated  from  certadn  Affic- 
dons :  fo  difibnant  are  thefe  to  one  another  that 
they  cannot  poffibly  be  comcnned  into  one.  This 
is  tlie  firft  and  principal  Cauie  of  HeUngeMeiiy. 

Afecmd  Bxafim  or  this  Difference  is  fetched  ftom 
the  various  D^tes  of  PerfeOion  as  to  Qiuatit^;  as 
Jfome  Quantities  ait  extended  and  maybe  divided 
more  ways  than  others,  fo  that  thefe  aie  fcaroe 
Quantities  in  Relpeft  of  thofe,  and  confequently 
cannot  be  compared  with  them  according  to  Quan- 
tity. Thus  a  Superfice  is  more  vrays  divifiblc 
than  a  Line,  and  a  Body  than  a  Supeifice,  nor  is 
a  Line  any  otherwifc  to  a  Superfice,  and  a  Super- 
fice to  a  Body,  than  a  Point  to  a  Line,  f .  e.  than 
an  Indivifiblc  to  a  Divifiblc,  or  a  Non-Quantity  to 
a  Quantity :  For  a  Line  is  Nothing  in  Refpcdt  of 
a  Superfice  but  as  it  were  a  long  Point  ;  and  a 
Superfice  is  nothing  in  Refpcft  of  a  Body  but  a 
broad  Line,  or  a  long  broad  Point.  Therefore  a 
I/inc,  a  Superfice,  and  a  Body  are  not  to  be  re- 
ferred to  one  another,  and  confequendy  arc  Hetero- 
geneous. For  thence  it  comes  to  pafs,  that  thefe 
cannot  be  compared  together  according  to  Equa- 
lity or  Inequality,  nor  fo  compounded  as  to  make 
any  Sum,  nor  one  fubtrafted  fi-om  anodier  fo  as 
to  have  any  Difference  refulting,  i.  e.  being  added 
they  can  beget  no  Encreafe,  nor  dedufted  De- 
creafe.  The  fame  Reafon  holds  of  Inftants  in 
rcfpedt  of  Time ;  of  the  Degrees  of  an  encreafuig 
Telocity  which  are  acquired  in  panicolar  Inftants 

in 


Lect.  XVI.    Mathematical  LeSlures.        297 

in  Rcfpedl  ofthc  whole  Velocity  5  and  of  Momen- 
tary Conatus's  in  refpeft  of  Motion,  Weight,  and 
Power. 

A  third  Origin  yet  of  this  Diverfity  is  an  inde- 
finite and  incomprehenfible  RefpeA  of  one  Quanti- 
ty to  another,  fuch  as  between  Things  finite  and 
infinite,  or  Things  otherwife  cognate  in  Name  and 
Nature.  From  whence  a  finite  Right  Line  and  an 
infinite  one  are  accounted  of  different  Kinds,  though 
in  an  infinite  Right  Line  may  be  found  every  finite 
one,  and  that  may  be  efteemed  as  conftituted  of 
this  infinitely  repeated.  Hence  that  celebrated 
Principle  of  f^)  Arijloile^  that  there  is  no  Proportion 
of  a  finite  to  an  infinite:  The  Truth  of  which  Sen- 
tence or  Axiom  the  Sagacity  of  modem  Geometri- 
cians feem  in  part  to  have  broken ;  while  they 
demonftrate  a  juft  Proportion  and  even  Equality 
it  felf  of  innumerable  Planes  and  Solids  produced 
ad  infinitum  with  other  finite  Planes  and  Solids  : 
which  Prodigy  that  famous  Geometrician  ^Torri- 
ceUius  did  firft  of  all  exhibit.  From  whence  it  ap- 
pears that  infinite  Magnitudes  are  fometimes  H(h 
tnogeneous  with  finite  ones,  fmce  they  are  fometimes 
equal  to  thefe,  and  fometimes  fall  fhort  of  them.  Or 
from  hence  rather  it  may  be  inferred,  diat  every 
Thing  without  Limits  is  not  infinite  in  Quantity  ; 
or  yet  more  plainly,  that  the  Infinity  of  a  Super- 
fice  or  Body  does  not  always  follow  fi-om  an  In- 
finity of  one  Dimenfion.  The  Rcafon  of  which 
fecms  not  very  difficult ;  for  it  happens  becaufe  the 
infinite  Diminution  of  one  Dimenfion  recompenfes 
the  infinite  Augmentation  of  the  other.  It  is  not 
therefore  fo  much  beyond  Belief  for  a  finite  Magnimdc 
however  fmall  to  be  extended  in  Length  ad  infini- 
tum. Therefore  that  it  may  hold  univerfally,  the 
before  noted  Axiom  ought  to  be  thus  explained : 

^)  Dt  Codo  I.  6. 
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ihere  is  no  Profortmjfa  fbif^fimie  im  JUGmi- 
iude  or  ^antity  to  a  fiu^m/btae  in  M/^griin^  et 
i^antity  of  the  [ami  GfMS.  But  we  are  not  to 
underftand  in  general,  diat  there  is  no  Reafin  be- 
tween a  limiccSd  Figure  andean  unlimited  Magpi* 
tuck.  From  tbefe  Roots  fprings  die  Heterogonatf 
criTQuantides,  and  diofe  Thn^  induch  on  the  con- 
trary agree  together,  which  by  Nature  are  not  fii 
diflSmilar,  nor  conftituted  in  a  difierent  Dqpnee  rf 
Quantity,  nor  infinitely  levered  from  one  another, 
thoie,  I  fay,  are  HomorePMus. 

But  Euclid  in  the  I)efinitions  of  his  fifdi  Book 
defines  HomogeneoHS  Quandties  to  be  thefe,  one 
cf  which  {viz*  the  leflef)  being  fome  Number  dt 
Times  taken  or  muldphed  may  exceed  theodier. 
The  third  Definkion  of  that  Book  is  fuch  r  Reafin 
is  a  certain  Habitude  of  tzvo  Magnitudes  Homogene- 
ous to  each  other,  according  to  ^antiiy.  And,  left 
any  one  fhould  doubt  what  he  underftands  by  Ho- 
mogeneous  Magnitudes,  he  fubjoins  •,  Magnitudes 
are  faid  to  have  a  Reafon  to  one  another  when  one 
being  multiplied  is  capable  to  exceed  the  other. 
Where  our  Element  Compiler  (as  a  moft  learned 
and  famous  Man  in  my  Opinion  rightly  obfcrves^ 
in  his  Dilputation  againft  Meibomius)  delivers  not 
thefe  (as  others  befide  Meibomius  expound,  and, 
which  I  wonder  at,  the  fagacious  Clavius  feems  to 
encline  to,  though  elfcwhcre  he  fpe;iks  difFerendyJ 
to  fhew  what  Homogeneous  Magnitudes  have  a  Rea- 
fon to  one  another,  as  if  fome  had  none  ;  but  rather, 
what  Magnitudes  are  Homogeneous,  left  any  fhould 
be  deceived  or  held  inSufpenfe  with  the  Obfcurity 
of  that  Word  in  the  foregoing  Definition.  For 
when  he  there  defines  Proportion  to  be  the  Relation 
or  Habitude  of  Homogeneous  Magnitudes,  indefinite- 
ly fpeaking,  he  fufficiently  indmates,  that  he  un- 
derftands Homogeneous  Magnitudes  univerfally,  and 
not  only  certain  particular  Magnitudes  9  otherwifey 
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if  he  had  not  thought  that  all  Homogeneous  Quan- 
tities are  mutually  proportioned^  it  would  have  been 
out  of  the  Way  for  him  to  infert  them  in  his  I^ 
ignition  as  the  Subject  of  Proportion  ;  and  it  would 
have  been  more  right  for  him  to  have  excluded 
thofe,  and  put  fome  adequate  Subjeft  in  their  Place. 
He  will  therefore  have  all  Homogeneous  ^antities 
to  be  affedted  with  Proportion  to  one  another; 
therefore  two  Lines,  one  finite  and  the  other  infi- 
nite, (though  Lines  do  in  general  agree,)  are  not 
Homogeneous  in  Euclid's  Opinion  ;  becaufe  a  finite 
Line,  how  often  foever  taken,  will  never  exceed 
an  infinite  One ;  and  the  fame  happens  in  every 
finite  Refpeft  of  every  other  Thing  infinite  in 
Quantity  (I  fay  in  Quantity  not  local  Extenfion, 
as  was  before  infinuated  \)  and  in  like  manner  it 
plainly  appears  that  Points,  Lines,  Superficies  and 
Bodies  are  Homogeneous  •,  feeing  that  innumerable 
Myriads  of  Points  cannot  exceed  one  of  the  fmal- 
left  Lines,  nor  a  Million  Million  Superficies  tran- 
fcend  one  of  the  moft  minute  Corpufcles.  So  alfo 
plane  comicular  jingles  or  jingles  of  ContaSl^  if  they 
be  Angles,  or  any  kind  of  Quantity  (each  of  which 
Aflertions  is  doubted  and  denied  by  famous  Mathe- 
maticians, concerning  which  I  determine  nothing 
at  prefent)  I  fay,  if  thefe  comicular  Divergences 
which  are  made  by  the  meeting  of  Right  Lines 
with  Curves,  be  truly  Angles,  and  endowed  with 
Quantity,  at  leaft  they  will  not  be  Homogeneous  with 
rectilineal  Angles,  becaufe  every  the  leaft  and  the 
moft  acute  reftilineal  Angle  infinitely  exceeds  an 
innumerable  Number  of  thefe  Comicular  ones  :  As 
Euclid  has  demonftrated  concerning  the  Angle  of 
Contact  made  by  a  Tangent  with  the  Periphery  of 
a  Circle ;  ApolloniuSy  concerning  thofe  made  between 
Tangents  and  the  Conic  Seftions  ;   and  {b)  Archie 

(b)  At  kaft  itf9lkws  fr9m  kii  Dmonftrtitivns. 
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medes^  concerning  thofe  made  between  a  Ijnrftl  with 
its  Tangent ;  and  our  felves  may  do  the  £uiie»  by 
one  only  univerlal  DemoaftradoD  fetched  from  a 
Compofition  of  Motions,  cooccmingall  Curve  Linei 
bended  towards  the  £ime  Puts ;  to  that  thde  An- 
gles of  ContaA  are  no  odierwife  to  redilineal  An- 
gles, than  a  Point  to  a  Line,  or  a  line  to  a  Sii- 
perfice. 

But  all  finite  Lines  however  diflimilar  ate  benm- 
geneaus  to  one  anod^r,  not  only  R^t  Lines  to 
Right  Lines,  but  Curve  Lines  to  Ri^  Lines,  and 
all  Curve  Lines  to  one  another ;  thou^  as  ftr  as 
it  does  not  appear  concerning  the  detsnninate  Pn>- 
poruons  of  mdt  Curve  Lines  to  Rk^ht  Lkies  as  df 
the  Circumference  of  a  Circle  or  Elipfis  to  firnie 
Diameter,  it  may  be  doubtful  what  is  the  Propor- 
tion between  them  •,  becaufe  ex.  gr.  the  Diameter  of 
a  Circle  taken  four  times  exceeds  the  Circumference. 
Moreover  die  prefent  Age  has  this  to  glory  in, 
that  the  Proportion  of  certain  Curve  Lines  to  Right 
Lines  is  now  difcovered  with  admirable  Subtilty, 
and  plainly  demonftrated  -,  which  was  thought  by 
former  Gct)metricians  impoffible  to  be  inveftigated. 
In  like  manner  all  finite  Superficies  are  Homogene- 
ous, even  Planes  with  Curve  Superficies,  becaufe 
the  Proportion  of  thefe  to  thofe  is  not  only  poffible 
but  eafy  to  be  demonftrated  ;  as  it  is  (hewn  by 
yfrchimedes  to  what  circular  plane  Area  the  curve 
Superfice  of  a  right  jCone,  a  right  Cylinder,  a 
Sphere  or  any  Portion  of  a  Sphere  is  equal.  And 
the  fame  Way  are  all  finite  Solids  homogeneous. 
Nay,  if  Angles  are  at  all  Quantities  and  partici- 
pate of  Equality  or  Proportion  (which  as  we  have 
laid  is  doubtful)  even  reftilineal  Angles  will  be  ho- 
mogeneous to  fome  curvilincal  ones,  in  this  Senfe,  be* 
caufe  ibmc  of  thelb  are  demonftrated  equal  to  fome 
of  thofe,  viz.  by  Proclus  in  his  third  Book  at  the 
twelfth  Axiom.    However  all  rcdilincal  Angles  arc 
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homogeneous  to  one  another.    Thefe  Things  ieemed 
fo  manifeft  to  ArcbtmedeSj  that  he  doubted  not  to 
aflume  this  for  a  Truth  that  Every  determinate 
Magnitude  may  he  as  many  Ways  added  to  itfelfy 
or  multiplied^  as  to  exceed  any  other  Magnitude  of 
the  fame  Claffts.    To  which  Clavius  premifes  a  like 
Poftulate  in  the  tenth  Element.     Let  it  he  required 
that  every  Magnitude   may  he  fo  often  multiplied^ 
till  it  may  exceed  any  Magnitude  of  the  fame  Kind. 
Nor  is  it  lefs  manifdl  that  all  finite  Times  are  homo- 
geneous^ becaufe  the  fhorteft  Space  of  Duration  be- 
ing often  repeated  will  exceed  the  longed  Interval 
left  than  Eternity.     Alfo  all  Velocities  are  homoge- 
neous, for  the  floweft  Degree  of  Velocity^  being  of- 
ten enough  repeated,  will  tranicend  the  mod  rapid 
Velocity  of  the  Primum  Mobile.    But  an  infinite  Ve- 
locity feems  inconfiftent  •,  for  a  moveable  Body  en- 
dowed with  fuch  a  Velocity  would  meafure  any  Dif- 
tance  in  one  Inftant,  and  confequendy  would  poflefs 
TDort   Places  than  Qne  at  the   fame  Time,   i.  e. 
would  be  congruous  to  a  Space  exceeding  itfelf, 
how  great   foever   it  be,  which  feems  impoflible. 
Again  all  Numbers  are  homogeneous  to  one  another, 
as  they  are  all  fit  to  reprefent  Magnitudes  of  the 
fame  Kind  ;  even  fuch  as  may  be  accounted  bete- 
rogeneouSy  as  they  are  applied  for  exprefling  Quan- 
tities of  a  different  Kind  ;  nay  every  Number  how- 
ever heterogeneous  it  be  to  itfelf,  as  the  fame  does 
reprefent  heterogeneous  Quantities  -,    for  there  is   no 
Number  which  may  not  be  Linear,  Plane,  Solid, 
Piano-plane,  Plano-lblid,  Solido-folid,  or  be  con- 
ceived under  all  Dimenfions  whatfoever,  whether 
natural  or  fiftitious,  at  the  Pleafure  of  the  Cbmpu- 
tant.     Laflly  all  Weights^  are  homogeneous^  aflign- 
ing  Gravity  to  folid  Bodies  only,  as  in  reality  it  on- 
ly is  in  Phyfics  •,  For  if  Gravity  be  attributed  like 
Magnitude  to  Lines  and  Superficies,  as  Geometri- 
cians fuppofe,  when  they  inveftigate  the  Centers  of 

Gravity 
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as  a  Time  is  to  a  iMipiudi^fi  is  a  Tme  to  a  Lon- 
gitude. As  if  he  Ihould  iky,  Becaufe  a  Furkog 
is  to  a  Thouiand  Pauses,  as  one  Hour  to  qg^ 
Hours  -,  Therefore  penmiiaUy,  as  a  Furkme  is  id 
an  Hour,  fo  isaTMulandPaoestoeifljht  I&^ 
than  which  kind  of  ArgumcntatioD  Doming  can  be 
more  abfurdty  ridiculous,  as  any  one  may  eafily 
perceive.  The  lame  PeriRxi  lays  in  die  Dialogues 
wherein  he  profefles  to  estamine  and  amend  the  mo- 
dern Madiemadcs  (but  I  wifli  he  had  nxire  difi- 
gently  xamined  and  amended  his  own ;  (g)  Jb  ibe 
i^antity  of  a  We^bt  mil  be  to  tbe  Lei^b  of  tjae 
Line  which  reprefents  i/,  fo  will  tbe  ^antiij  of 
twice  the  height  be  to  tbe  Letigtb  of  twice  tbe  Lbe 
reprefenting  it.  And  being  reminded  of  diis  Emr 
by  his  Opponent,  inftead  of  laying  k  alide,  he 
coined  new  Definitions  and  Acceptations  of  Words 
in  his  own  Excufc  or  Defence,  as  well  lefs  conlb- 
nant  one  with  another,  as  more  remote  from  com- 
mon Ufe,  and  lor  the  mod  Part  repugnant  to  his 
own  Conclufions,  and  dcvifed  ftrange  Pretences 
contrary  to  all  pure  Reafonf*which  it  will  not  be 
foreign  to  the  purpofe  to  flicw,  in  a  few  Words, 
both  for  the  lake  ot  illuftrating  the  Matter  in  Hand, 
and  to  prevent  others  from  falling  unwarily  into  the 
like  Faults,  by  (hewing  how  circiimfpeftly  all  ought 
to  behave  in  thcfe  Things.  He  defines  Meafure 
this  Way  -,  {h^  Meafure  is  one  Ma^/.itude  of  another j 
ivhcn  it^  or  i*s  Multiplr^  bciv.g  applied  to  another 
coincides  "icifb  it.  And  again  in  Words  a  little  dif- 
ferent, but  in  the*  fame  Sehfc  -,  {i)  Aieafure  is  a  Mag- 
nitude  of  a  Afa^niludr^  ^  Icfcr  of  a  greater^  or  not 
a  Icffcr^  ivben  the  lejjcr  being  once  or  oftner  applied  to 
il  is  equal  to  it.  According  to  which  Definitions  it  ap- 
pears, that  Meafure  is  nothing  elfe  but  Ibme  Part  of 
a  Tiling  mcaliircd,  which  being  fome  Number  of 

(g)  Dial  3.  p.  80.     (b)  Dial  i .  p.  11.     (i)  Dial.  2.  p.  43. 
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Times  taken,  fo  exhaufts  the  Whole,  as  to  leave  no 
Remainder,  astheWords  (*J  jUlxfor,  /u«Tf  «r,  KulcifiiTfi!f 
are  moftly  or  always  accepted  in  the  Elements j  as  has 
been  Ihewn.  Moreover  he  defines  (/)  Homogeneous 
^antities  to  be  tbofe^  one  ofwhofe  Meajures  may  be  ap- 
plied  to  the  otber^fo  that  tbey  may  be  congruous :  And 
whofe  Meajures  are  accommodated  to  one  another. 
But  Meafures,  a$  was  juft  now  feen,  are  with  him, 
the  Aliquot  Parts  of  Quantities.  Therefore  to  make 
him  conliftent  with  himfelf,  thofe  Quantities  will 
be  homogeneous  whole  aliquot  Parts  are  capable  of  . 
Con^ence.  But  the  aliquot  Parts  of  a  Quantity 
of  Time  are  no  other  than  Quantities  ofTime^ 
nor  of  Weight  than  Quantities  of  Weight,  nor  of 
a  Line  than  Quantities  of  a  Line,  nor  of  a  Body 
than  of  a  Body.  Therefore  fince  none  can  con- 
ceive how  a  Quantity  of  a  Line  can  be  applied 
to  a  Quantity  of  Time  {viz.  the  Quantity  of  a 
Line  oT  one  Cubit  to  the  Quantity  of  a  Year  of 
Time,  or  an  Ounce  of  Weight)  fo  as  to  agree  or 
coincide  with  it  •,  therefore  Lines  will  not  be  bomo^ 
geneous  ^antities  of  Time  and  Weight,  according 
to  his  own  Definitions  and  Hypothefes,  Thus  would 
common  Logic  infer,  but  with  a  ftrange  Sagacity 
he  concludes  the  contrary  ;  Becaufe  (fays  (;7ij  he)  a 
^antity  of  Time  may  be  meafured  by  a  Line^  and  a 
Line  may  be  applied  to  a  Line^  therefore  a  ^antity 
of  Time  will  be  homogeneous  to  a  ^lantity  of  a  Line. 
Behold  the  Source  from  whence  moft  of  the  Ab- 
furdities  flow  with  which  thefc  Dialogues  abound. 
Becaufe  a  ^antity  of  Time^  fays  he,  may  be  mea^ 
fured  by  a  Line:  But  pray,  ingenious  Sir,  be  pleafed 
to  look  back  at  your  own  Definition,  and  fee  whe- 
ther according  to  it,  a  Line  can  be  a  Meafure  of 
Time,  or  (becaufe  you  rather  love  to  fpeak  more 
intricately;  a  Quantity  of  Time,  i.  e.  whedier  4 

(k)  Pag,  I  ID.    (I)  Dial  3.  p.  80.    (m)  Diarf.  y.  p.'  1 16; 
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Line  can  be  any  Aliquot  Part  of  a  Quandty  cf 
Time,  or  a  Quantity  of  Time  be  made  upof  iJnei, 
or  a  Line  be  a  Quantity  of  Time  ffbr  an  aliqooc 
Part  of  a  Quantity  of  Time  is  an  aliquot  Pan  of 
Time  \)  and  by  a  like  Reafon  whether  a  Line  be 
an  aliquot  Part  of  a  Superfice,  of  a  Body,  a  Wei^ 
or  any  other  Quantity;  or  whether  all  Quantities 
may  not  be  altogether  conipofed  of  Lines,  viz.  whe- 
ther or  no  the  Quantity  of  a  Year  or  a  Mondi,  an 
Ounce  or  a  Pound,  a  Sguare  or  a  Cubic  Foot,  are 
Lines,  or  conltituted  ot  Lines  :  Or  if  you  advance 
any  of  thefc  Things  will  you  not  juftly  make  your 
felf  ridiculous  to  him  tlut  hears  you  ?  But  dus 
learned  Man  has  not  confidered  enou^  how  much 
he  departs  fiom  his  own  Definitkxi  m  tbfi  Ufe  of 
the  Woixl  Meafure^  and  thereby  miniftcrs  the  Oc- 
cafion  of  his  own  falling  -,  and  when  he  calls  a  Line 
ib  often  taken  a  Meafure  of  Time,  Weight,  or  of 
any  other  Quantity,  he  cannot  mean  that  a  Line  is  an 
Aliquot  Part  of  a  Time,  a  Weight,  a  Motion,  or 
a  Body,  or  that  a  Line  can  be  congruous  with  thefc  -, 
but  Meafure  is  ufed  in  the  more  loofe  Signification, 
according  to  which,  as  we  have  more  diftinftly  ex- 
plained heretofore,  Meafure  docs  often  defign  any 
Thing  J  which  may  either  conveniently  reprefent  or  any 
Way  notifie  another.  In  which  twofold  refpeft  a 
Line  (el'pecially  a  right  or  circular  Line,  becaufc 
of  their  Simplicity  and  Uniformity)  is  wont  to  be 
called  the  Meafure  of  Time,  Weight,  Velocity,  or 
of  any  Quantity  whatfoever.  For  becaufe  every 
Reafon  ot  Quantities  may  be  cxprefled  by  Right 
Lines,  therefore  Right  Lines  are  moft  commodi- 
oufly  applied  for  reprefenting  them  ;  as  ex.  gr.  (or 
two  Solids,  one  of  which  is  in  Proportion  to  the  o- 
ther,  as  V  2  to  i,  or  as  the  Diameter  of  a  Square 
to  its  fide,  (when  nothing  is  to  be  confidered  but 
their  Proportion,)  may  be  fubftituted  two  Right 
Lines  exhibiting  their  Reafon:  And  by  like 
i  Reafon 
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Reafon  may  two  Right  Lines  be  afliimed  for  exhi- 
biting the  Reafons  of  two  Times  or  two  Weights  ; 
and  lb  far  may  thofe  Lines  in  the  wideft  Accepta- 
tion be  called  the  Meafures  of  thefe  Quantities: 
In  which  Scnfe  Numbers  are  the  mojl  common  and 
ufual  Meafures  of  commenfurable  ^antities^  expref- 
fing  their  Reafons^  and  being  fubftituted  for  them 
in  a  Courfe  of  arguing.     And  not  only  Lines, 
but  even  any  Quantity  whatfoever  may  be  a  Mea^ 
fure  in  Refpeft  of  any  other :  for  as  every  Quan- 
tity may  be  reprefented  by  a  Right  Line  ciken 
at  Pleafurc,  fo  may  it  be  equally  dcfigned  by  any 
Superfice,  Body,  Letter,  Charadter,  or  Name.  A 
Xigbf  Line  thai  obtains,  ("and  by  like  Reafon.  eve-  • 
ry  other  Magnitude  may  obtain^  the  Name  of  2 
Meafure  ftill  more  properly,  though  at  the  greateft 
Diftance  fix)m  Mr.  Hobbsh  Definition,  as  it  may 
ferve  for  determining  or  declaring  the  Quantity  of 
other  Quantums ;  as  the  Lx)ngitude  of  the  Line, 
which  any  moveable  Thing  runs  throi^h  in  any 
afllgned  Time,  declares  and  difcovers  its  Velocity 
and  confcauently  its  Meafure  -,  and  a  circular  Arch 
interceptea  between  the  Legs  of  a  reftilineal  Angle 
ihews  /.  ei  meafures  ("according  to  this  Acceptation 
of  the  Word  to  meafure^  which  we  have  largely 
«cplained  already)  the  Quantity  of  the  Angle.    If 
therefore  he  with  whom  we  are  contending  had 
throughly  perceived  or  weighed  this  Ambiguity  of 
the  Word  Meafure  \  or  if  he  had  ftuck  more  con- 
ftandy  to  his  own  Definition  :  I  imagine  he  would 
not  thus  have  confounded  the  Quantities  of  all 
Things  and  pronounced  them  homogeneous  to  one 
another  in    the  Strength  of  fuch  an  Argument. 
Becaufe  a  line^  he  argues  is  a  Meafure  of  Time^ 
the  §luanttty  of  Time  will  be  homogeneous  to  the 
^antity  of  a  Line.    But  I  anfwer  a  Line  may  be 
called  the  Meafure  of  Txme  by  taking  a  Meafurg^ 
for  a  Symbol,  Argument,  or  lodcxof  the  Quantity 
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wliich  Ttme   has  \  but  taking  Mcafure  accordiM 
to  his  Definition  for  an  Aliquot  Pnri^  it  lufiiciciitfy 
appears,  nor  does  he  dcny^  that  a  Line  is  not  the 
Mcafure  of  "fime^  and  confcqucnily  even  accord- 
ing to  his  own   Definition  of  an  Hamogenial^  H^M 
^anfity  of  a  Lbte  will  not  be   hrnn^geneom  to  a  ■ 
^anttty  of  Tme^     Nay  by  the  fame  Argument 
with  which  he  goes  about  to  prove  that  the  ^mtu 
tiis  of  Time  and  a  Lim  are  bomogeneous^  it  is  tquaUf 
concluded  that  the  fame  arc  beierogepums^  vtx,  bc- 
caufe  a  ^antity  of  Ttmi  may  be  mtafund  (L  c, 
dcfigned,  darlafed,  or  notifietl)  by  :2l  Pardki^ram 
or  a  Cylinder  \  and  a  Line  cannot  be  cong;moas  m 
a  Parallelogram  or  Cylinder^  according  to  his  Dc- 
Enition  of  Heterogeneity^  diercfore  they  are  betertge- 
neous  to  the  Quantity  of  a  Line.     Nay  farther  all^ 
Quantities  whatToever  zit  both  bomcgaumij  and  ir- 
terogeneous  at  the  fame  Time :  for  ?&ry  (lays  (»)  he) 
nr^  bamogeneous  wbicb  are  meafurahu  by  tbe  fami 
Kind  ofMeafure  \  therefore  fince  aU  Quantities  are 
menfurable  by  I^ines,  they  will  all  hcHomogenetms. 
And  theie  Quantities  are  heterogeneous  (as  ^  lame 
Ferfon  teaches)  wbicb  are  mtafured  by  a  different 
Kind  of  Meafure :  therefore  all  Quantities  are  He* 
terogeneousj  becaufe  they  all  maybe  meafored  by 
lines.  Superficies,  or  Solid  Angles  (moft  by  ra- 
tional or  furd  Numbers)  viz.  in  the  Way  he  takes 
Meafure^  when  he  is  framing  his  falle  Arguments. 
And  indeed  all  his  Arguments  relating  to  this  Sub- 
jedt  fcem  to  labour  under  this  one  Fallacy  of  Am- 
biguity: for  really  thofe  Things  are  bomogenems 
that  are  determined  by  the  fame  Kind  of  Meafnrc^ 
taking  Meafure  for  a  Part  or  fomething  congruous 
to  the  Thing  meafured  •,  but  they  arc  not  Sways 
homogeneous  which  are  meafured  by  the  Cunc  Kind 
of  Meafure^  taking  Meafure  for  a  Sign  oc  Argu^ 

6  mcot 
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ment  of  the  Thing  meafured  5  thus  indeed  there 
would  be  no  Heterogeneity  of  Quantities,  and  the 
Controverfy  would  be  eafily  put  an  End  to. 

But  he  expefts  to  extricate  himfelf  out  of  thcfe 
Difficulties  by  diftinguifhing  very  fubtilly  the  ^an^ 
titles  of  Things  from  the  ^antums  themfelves. 
^e  ^antity  (fays  (0)  he)  of  every  Thing  in  the  ab- 
.ftraSl  is  homogeneous  to  the  ^antity  of  every  other 
^Tbingy  and  therefore  *  the  ^antities  of  Lines,  Su- 
perjidesj  Solids^  Time,  Motion,  Force,  Weighty 
Strength,  Refifiance  are  homogeneous,  though  the 
TTnngs  themfelves  are  heterogeneous.  Again,  I  fee 
now^  though  it  he  ahfurd  to  fay  a  Line  is  equal 
to  a  Time,  yet  it  is  not  ahfurd  to  fay  the  ^an^ 
tity  of  a  Line  is  equal  to  a  ^antity  of  Time^ 
And  in  other  Places  here  and  there  he  incul* 
cates  this  wonderful  Comment.  Whereby  not- 
withftanding  he  effects  nothing  ;  but  only  fpends 
Words  upon  us,  or  rather  upon  himfelf.  For  I 
am  pretty  fure  that  he  can  conceive  nothing  by  that 
abftra£l  ^antity  he  fpeaks  of,  which  is  different 
from  a  Line  or  a  Time  themfelves.  What,  pray, 
is  the  Quantity  of  a  Line,  but  the  particular  and 
determinate  Magnitude  of  that  Line,  or  the  Line 
itfclf  whereby  it  is  fo  determined  ?  What  the  Quan-? 
tity  of  a  Time  but  a  definite  Extenfion  of  that  Kindj^ 
or  the  Time  itfelf,  as  fo  extended  ?  Therefore  if  a 
Line  and  a  Time  are  heterogeneous,  their  ^antities. 
will  be  alfo  heterogeneous.  And  that  a  Line  and  a, 
Stme  are  Things  heterogeneous^  not  only  as  Phyfical 
Things,  but  as  fubjeft  to  Mathematical  Confidera- 
ticHis,  himfelf,  being  conftrained  by  the  too  great 
Evidence  of  the  Thing,  does  fcarce  deny.  But  how 
are  they  heterogeneous  ?  not  as  Hot  or  Cold,  Black 
or  IFhite,  but  as  Great  or  Little,  i.  e.  as  Quan- 
^ties  \   for  a   Mathematician   confiders  theni  nQ 

ft)  Dial.  3.  p.  81, 
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<}therwife  \  Why  ?  bccaufe  they  have  no  maul 
Habitude  or  Relation,  nor  can  be  compared  tDg^ 
tfacr,  according  to  Quandty,  as  Euclid  truly  teaches, 
i  •  e.  becaufe  they  are  not  Quantities  after  the  &ne 
way,  but  have  each  a  Quantity  of  a  dificrent  Kind  i 
or  becaufe  it  cannot  be  &id  without  great  Abfunfi- 
ly,  that  fo  muchof  ?fOT^  isequal  to  £o  modi  of  i 
JJney  (^  that  a  Year  is  as  much  as  a  Furioni^ 
Therefore  the  Quantities  of  a  Siim  and  a  Limwtt 
of  a  different  Kind. 

But  he  replies,  ^be  ^wtity  pfTtms  is  meafiard 
hy  a  Line.  Yes  iky  I  again,  taking  the  Votf  l# 
meafure  equivqcally ;  i.  e.  it  meafi$r^  not  as  a  ^m- 
tUy^  but  only  as  a  Caufal^  or  Confemaiial  Sign  \ 
from  which  nothing  can  be  concluded  for  his  Puc- 
pofe.  I  add,  that  the  ^aniiiy  of  ^me  is  not  very 
properly  nieafured,  but  rather  the  Time  itfclf  is 
mcafurcd  as  a  Quantity,  or  as  to  its  Quantity  ;  Thus 
JVbitenrfs  is  not  lb  much  feen  as  the  Body  as  U^bxtc 
or  by  rcafon  of  U^hitefjefs  \  i.  e.  becaufe  it  is  lb  dil- 
pofed  as  to  afl'ed:  the  Thing  feen,  after  fucha  man- 
ner. From  whence  neither  according  to  his  Defini- 
tion, that  Homogeneous  Things  are  fuch  whofe  Mea- 
fures  are  congruous^  arc  Quantities  abftradtly  taken 
well  capable  of  Homogeneity^  becaufe  they  are  not 
tticafured  themfelves,  but  rather  the  concrete  Quan- 
tities by  reafon  of,  or  in  rclbecl  of  them  ;  and  in- 
deed by  rcafon  of  them,  things  are  even  Mathc- 
niatically  homogeneous  or  heterogeneous. 

Yet  ftill  it  is  urged  that  Ae  Reaforn  of  Ttmei 
are  rightly  compared  with  the  Reafons  of  Lines : 
for  it  is  laid,  that  as  one  Year  is  to  two  Years,  fo 
is  a  Line  of  one  Foot  to  a  Line  of  two  Feet,  why 
then  may  not  the  ^antity  of  a  Ttme  be  compared 
with  the  S>uantity  of  a  Line  ?  But  how  great  is  the 
Blindnefs  of  fuch  Arguments,  to  confound  the  ah- 
folute  Quantities  of  fimple  Things  with  the  fimilar 
Reafons  of  a  Plurality  of  Rc^ons  ?  Becaufe  an 
"   •         '  Egg 
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Egg  is  to  two  Eggs,  as  an  Angel  to  two  An- 
gels ;  or  becaufe  the  Relation  of  one  Egg  to 
two  Egg^  is  the  fame  with  that  of  one  Angpl 
to  two  Angels,  can  it  be  any  way  inferred  that 
the  Quantities  of  an  Egg  and  an  Angel  are  fimi- 
lar  and  homogeneous  ?  or  that  the  fame  Mea^ 
fore  agrees  with  the  Quantities  of  an  Egg  and  an 
Angel  ?  or  that  an  Angel  can  poflefs  any  abfolute 
Quantity  at  all  ?  But  there  is  no  Difparity  at  all  be« 
tween  this  and  the  preceding  Inftance.  An  Egg,  as 
it  is  faid,  is  not  liker  an  Egg,  Thus  it  often  hap- 
pens that  they  who  are  more  defirous  to  extenuate 
or  defend  their  Errors,  dian  ingenuouQy  confefs 
them,  don't  only  decline  them,  but  very  often  fall 
into  much  worfe  than  the  former.  That  proverbial 
Verfe  falls  in  very  fitly  here. 

Move  not  thai  ill,  Uis  better  let  remain. 

It  follows  then  becaufe  the  Quantity  of  a  ^tme 
{viz.  of  a  Year,  a  Month,  or  a  Day)  cannot  appo- 
fitely  be  compared  widi  the  Longitude  of  a  Line 
(viz.  a  Foot,  a  Cubit,  a  Furlong)  according  to 
Equality  or  Inequality,  Excefs  orDsfeft,  Addition 
or  Subdudlion,  that  they  are  perfeftly  heterogeneous^ 
And  the  fame  Way  are  all  other  Quantities  affeft- 
ed,  in  which  refpedt  we  are  not  to  depart  from  the 
common  Opinion  and  Speech  of  Mathematicians. 

But  if  thefe  Words  do  fometimes  occur  in  ano- 
ther Senfe  •,  as  if,  becaufe  of  fome  fubaltern  Di^ 
verfity  of  Nature  any  fhall  call  Curve  Lines  bete^ 
rogeneous  to  Right,  or  gibbous  to  plane  Superficies ; 
as  Ramus  calls  right  reftilineal  Angles  heterogene^ 
ous  to  oblique  reftilineal  ones  fand  for  almoft  th^ 
fame  Caufe  might  the  Quadrant  of  a  Circle's  Peri- 
phery be  fo  called  to  a  Sextant,  a  Line  of  one  Foot 
to  a  Line  of  half  a  Foot  \)  or  it,  becaufe  of  fome 
peculiar  Agreement,  Quantitiea  different  in  Kind 
X  4  ^jt^ 
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are  called  hom^enems  \  as  a  certain  Modem  (p) 
GeomctriciAn,  not  otherwife  unlearned*  does  oftm 
call  a  Farallelogram  and  Cylinder  h(^m€geneQu$  Fi- 
gurc3>  becauTc  Right  Lines  parallel  to  die  Bafit 
proceed  with  a  like  Tcnoyr  in  this,  as  pamlld 
Circles  in  diat  %  which  in  his  SiiJe  is  to  proceed 
by  proportional  Priftapks.  Such  out  of  the  Way 
Novelti"s  of  Words,  I  fay,  wliich  induce  Dark- 
nets  iind  Corfufion  upon  t licit  clrartflr  of  all 
Sciaices,  itis  better  fbt)e¥ru«orand  ai^^ 
k  would  be  mqch  Ikfer  to  refraiti  from  fl].  nen; 
WonkfeexpreffingourSentiindDOv  thuimftihtuE 
ufins  the  ancient  cftaUifhed  oncai.'  9^  I  code 
Ipeaxing  any  firther;  r  '' 

I  tiioi^  to  have  fut^oined  feme  TU^gi^ta 
thcfe  concerning  the  HiMfii;p0«al^  and  Heiengnuii^ 
of  Quantities,  about  their  Similitude  znd  Dtffimih - 
tude  :  Buj  fince  the  Keennefs  of  my  Pen  has  al- 
ready overfhot  the  appointed  Bounds  of  Time,  let 
fo  much  fuffice  for  paving  the  Way  to  thofe  Dif- 
quifitions  concerning  the  Jnalcgy  of  Quantities, 
which  are  next  to  follow,  when  a  fit  QccafuMi 
offers.    Jn  the  mean  Time  I  bid  you  Farewell. 


LECTURE    XVir. 

f>f  the  Names  and  Diverfities  of  the  Pmfdli 
Kind  of  Reafon  or  Froportiotiy  viz.  Aritbme- 
tifal  and  GemetricaL 

PASSING  by   all  prefatorial   and  circum- 
ftantial  Speeches,  according  to  my  accuftomai 
^Wanner  (yet  moft  candid  Auditors,  not  without 

(f)  Ant.  Faibiitt. 

con^-; 
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congratulating  your  prefent  Health,    and  wifliing 
it  a  long  Continuance  to  you  hereafter)  I  apply 
myfclf  to  the  Bufinefs,  ana  refumc  my  too  Jong 
intermitted  Tafk.    But,  with   your  leave,  permit 
me  to  ftick  clofe  to  my  former  Method,  and  fi- 
nifli  out  what  remains  of  my  Undertaking,   con- 
cerning the  Preparatives  to  tte  Mathematics,  which 
1  hope  to  eftcdt  with  this  Term  ;    that  after  we 
have  fhick  fo  long  upon  the  Shore,  and  cruifed 
along  the   Coafts  of  thefe  Sciences,  we  may  at 
length  be  carried  out  into  the  Main  Sea.     Though 
in  Truth  the  Subjefts  wc  are  now  undertaking  to 
difcufs,  whether  we  relpcft  their  Subtilty  or  Uti- 
lity, do  feem  not  to  be  far  from  the  very  inmoft 
and  deepeft  Part  of  the  Mathematics.     For  Rea- 
fon  or  Proportion  is  firft  to  be  conlidered,   then 
jinakgy  or  Proportionality ;  about  which  the  Whole 
of  Mathematics  is  fome  Way  or  other  employed 
either  as  its  Objofts   or  Inftrumente   of  Invention 
and  Dcmonftration  •,  and  therefore  the  divine  (a) 
Plato  in  his  mod  divine  Work  (I  mean  his  (b) 
Timaus)  thinks  it  to  be  the  Chain  and  Bond  of  the 
Mathematics^    or   rather  of  all  DifcipUnes.     Nor 
does  the  moft  illuftrious  Author  of  the    famous 
Pifcourfe  concerning  the  Method  of  ufing  Rea- 
fon,  differ  from   hence.     Becaufs^  fays  (c)  he,  / 
ohferved  that  thofe  (viz.  particular  Sciences  called 
the  Mathematics^  although  converfant  about  diffe-* 
rent  ObjeSls,  did  yet  all  agree  in  this^  in  examining 
nothing  but  certain  Relations  and  ProportimiSy  which 
are  found  in  them^  I  thought  that  thefe  Proportions 
only  are  to  be  conftdered.     I  add  EratoftheneSy  who 
pronounces.    That  all  Things  in  the   Mathematics 
eonjijlofthe  Proportion  of  certain  ^antities.  There- 
fore the  Confideration  of  Proportions  pervades  and 

(a)  Theon.  Smyrn.  p.  131.  (h)  Plato  Tim.  p.  1048. 

(c)  Pag.  18. 
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in  a  manner  contains  the  Whole  of  diefe  Difei* 
plincs:  So  that  while  we  are  oooficmjdating  tbe  Na- 
ture of  Proportum  we  ou^  not  to  thioK  we  are 
touching  the  outward  Skin,  but  are  entriog  dieir 
very  Pith  and  Marrow,  llie  Theory  erf*  me  de^ 
terminate  Situation  or  Pofidon  of  Magnimdca  wiD 
fuccecd  this,  whereby  the  various  Similitude  and 
manifold  Diverfity  of  Figures  appears,  togedn 
with  their  PraporttM  ;  next,  of  tbe  Speda  or  Sp^ 
afical  Jgreements  and  IXffennces  of  die  Magni- 
tudes confcquent  to  thefe ;  laftly,  of  die  Mockn 
whereby  Magnitudes  are  goderated  :  I  iiiy,  it  will 
remain  to  confider  thefe.  Thus  after  we  haw 
examined  the  moft,  at  leaft  the  prindpal  of  all  the 
Properties  of  Magnitudes,  which  are  laid  down  by 
Mathematicians  or  implied  in  their  Hypotfaefes,  re- 
turning into  the  fame  Track  from  which  we  firft 
departed,  we  will  produce  certain  Particulars  wor- 
thy to  be  obferved  concerning  the  Hypothefcs  thenv 
fdvcs  and  other  Principals.  Which  Bufinefe  being 
dKpatched,  we  will  apply  ourfelves  to  that  which, 
I  remember  well,  was  heretofore  promifed,  viz. 
to  explain  in  the  Method  of  Mathematical  Inven- 
tion. And  I  (hould  be  very  glad  if  we  could  be 
able  to  finifh  this  pro(X)fcci  Undertaking  within 
the  Courfc  of  the  prefent  Term.  Thefe  Things 
being  firft  fpokcn  of  let  us  firft  b^in  to  difcourfe 
of  Reaibn  or  Proportion. 

As  to  what  pertains  to  Rcafon  and  Proportion 
(for  thcie  Names  are  equipollent  among  moft  Wri- 
ters) the  Greeks  dcfign  it  by  the  Word  Aoy®-  Logos 
Speech  ;  than  which  fcarce  any  Word  in  mat 
Tongue  occurs  more  ambiguous,  and  of  more 
different  Acceptations,  ^eon.  SmyrtUBUs  {d)  thought 
it  not  amifs  to  recount  moft  of  its  Significations  in 
an  Expofition  of  thofe,  which  are  neceflary  for  the 

(d)  Cap.  1 8. 

reading 


Lect.  XVII.   Mathematical  LeSfures.         315 

reading  of  Plato.  But  I  (houjd  feem  too  much  a 
Philologer  and  €$«  Aoj^k,  i.  e.  beftdes  the  Purpofe^ 
Ihould  I  in  Imitation  of  him  endeavour  to  reckon 
up  the  moft  of  thofe,  and  confirm  them  by  Exam- 
ples. 

It  is  a  known  Thing  that  the  Word  Logos  (as 
tlie  modem  Peripatetics  diftinguifli  it)  does  com- 
monly denote  both  the  Internal  Speech  of  the  Mind, 
and  the  External  and  Enunciative  Speech  of  the 
Tongue,  both  the  Faailty  operating,  and  the  Ope- 
rations themfelves  with  the  immediate  Effe<fts  flow- 
ing from  thence  •,  and  efpecially  whatlbever  of  thefe 
is  joined  with  Difcurfus  or  Ratiocination,  which  is 
proper  to  the  Nature  of  Man  ;  he  being  reckoned 
the  only  Logical,  i.  e.  fpeaking  or  difcurfive  Ani- 
mal among  living  Creatures.  Nor  can  any  one 
who  is  moderately  learned  in  the  Greek  Tongue  be 
ignorant  that  every  where  among  Greek  Authors, 
not  only  particular  Sentences  conceived  by  the 
Mind  or  delivered  by  the  Mouth  are  after  a  peculiar 
Manner  called  \Qyoi  Logoi,  but  alfo  different  Mix- 
tures and  Syftems  of  many  Sentences  -,  .viz.  Fables 
or  Apologies,  i.  e.  Words  feigned  at  pleafure  •, 
Trifles  and  ^erks,  i.  e.  mere  Talk  void  of  Senfc 
and  Reafon  ;  Adagies  or  Proverbs,  i.  e.  Sentences 
of  common  Ufe  ;  Rumours  of  Fame,  or  popular 
Reports,  Stories  of  all  Kinds,  Orations,  and  finally 
all  Letters.  Examples  might  be  readily  produced 
to  confirm  thefe  common  Significations  of  this 
Word,  but  I  willingly  pafs  them  by.  Yet  I  know 
not  but  it  may  be  of  Ufe  to  glance  at  certain 
other  Acceptations  which  do  alfo  obtain  among  the 
Vulgar,  as  coming  nearer  to  our  Purpofe  and  die 
Senfe  of  Geometry.  Such  as  when  AoV@-  defigns 
any  Kind  pf  Reckoning  or  Comparifon  of  Things  to- 
gether, as  in  thefe  ufual  Phrafes,  'ATFcitiovou  hiyov  to 
render  an  Acconnt,  cuuou^h^  hoyo¥  to  reckon  or  com^ 
$are  Accounts^  w%«k  Aoypy  to  undergo  Examina- 
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tim  or  U  calUd  i§  AccmM.  Bxampki  of  which 
are  in  the  Holy  ScripOBtiy  as  that  m  St  Xjdr, 
(d)j  Render  (or  pve  m)  Acemim  ef  ify  Supmrd- 
finp\  zxA\si^MMhiw{ey^  the Leriefib^ Ser- 
vants cometb  and  reckanelb  {er  eamfaretD  AcemMs) 
vriib  them :  Where  Account  figptfies  die  AcxxxM  of 
the  Adminiftration  of  an  Q^e,  or  of  w^  Thiog 
committed  to  Truft ;  which  is  nothiw  die  but  lo 
compare  A&ions  with  the  Rules  preiaibed  bf  a 
fuperior  Power  according  to  which  Aty  are  di- 
fc&ed,  or  to  compare  Sums  cxhibiul  with  Aofc 
which  they  lawfully  ought  or  are  cme6tod  to  be» 
Alio  when  ?iiy^  intimates  die  Vame^  Prke^  or 
H^ortb  of  Things  as  that  is  wont  to  be  Aid,  h , 
uiw)  Kiym  tS^Sl  to  he  placed  in  no  Acconnt^  .wfakh 
is  n^leaed,  lefi  eileemedt  and  debaied ;  and  to 
be  K<^'  cv  Koyta  ^V  C4>  deA^fjM  neither  in  Account  ner 
in  Number^  which  is  accounted  as  Ncdiing,  no 
where  taken  Notice  of,  nw  efteemcd.  Thus  So- 
pbccles^ 

That  venal  Mortal  i^  of  no  Account 

Whofe  Breaji  is  fired  with  every  flattering  Hope. 

Alfo  *Ev  Koyi  ^eaV  woiS^  to  make  Account  of  the 
GodSy  i.e.  tozvorjhip  the  Gods.  Aoycv  ^tirctiv  woiUSi 
to  make  Account  of  Jujlice^  is  an  ExprelTion  of  De- 
mofthenes.  I  add  Galen  (/),  That  Name  (Tays  he) 
ought  to  be  taken  into  Account  («V  Aoyo»)  in  every 
Bifquifition.  In  thefe  Expreflions  hiy^  (ignifics 
feme  Magnitude,  Force,  or  Power  of  the  Things 
to  be  eflimated.     And  it  fcems   not  much  diflfe- 


(d)  Luke  xvi.  2.  (e)  Matth.  xxv.  ig« 

^/;DcMcdi.  Med.  I.  5. 


rent 


Lect.XVII.     Mathematical  Legiures?     317 

rent  when  it  is  put  for  the  Caufe  or  Condition  of 
a  Thing,  i.  e.  for  that  which  ought  to  be  confi- 
dered  and  is  required  tliat  fomething  may  be  done* 
Thus  Plato  in  his  feventh  Epiftle  to  DioHy  Ipromife^ 
fay$  he,  to  come  hither  on  thefe  Accounts  or  Condi- 
tions K^in  TKitif  iDMT  ><iy^%^'  A€;^f  «3j  Aoyof  to  agree  to 
the  Condition  is  ufed  by  Demoftbenes.  So,  to  be  re- 
warded on  the  Account  (w  for  the  fake)  of  Virtue 
€if  hiyof  flJf fT?f ,  and  to  be  fumfhed  on  the  Account 
(or  for  the  Sake)  of  Vice  tig  ?,oyo¥  xaad^y  are  Terms 
of  Speech  in  Ufc  among  the  Greek  Orators  :  On 
the  Account  of  Virtue  or  Vice^  i.  e.  from  the  Confi- 
derations  of  Virtue  or  Vice  examined  by  the  Rales 
of  Morality. 

I  have  produced  thefe  Inftances  to  make  it  ap- 
pear, that  the  Senfe  of  this  Word  as  applied  by 
Geometricians  does  not  fo  far  recede  from  its  moft 
received  Ufe  among  other  Writers,  and  the  com- 
mon Way  of  Speaking.     The    fame  might   be 
(hewn  concerning  the  Word  Reafon  which  is  here 
in  the  Sciences  brought  to  exprefs  the  Greek  Word 
Aoy©'^  and  borrows  moft  of  its  Significations  from 
thence.     But  becaufe  of  the  exceeding  Ckameis  of 
the  Thing,  and  the  too  much  Pains  already  beftowed 
upon  Appendices  of  this  Kind,  I  forbear.    I  will  only 
add  that  the  Word  My(^  feems  to  have  taken  both  . 
thefe  foreign  Senfes  and  the  Senfe  peculiar  to  Geome- 
tricians, from  hence,  becaufe  in  comparing  different 
Things  together,  their  determinate  Value  or  Quan- 
tity  is   declared   and    expreffed   from  a  Rc^dt 
which  one  Thing  obtains  to  another.     But  Reafon 
in  Latin   Ratio  is  derived  from  the  Latin  Word 
Ratus  judging  Cor  from  Reor  to  judge,  fuppofe, 
or  think)  and  confequendy  fignifies  a  Judgment j 
Account^  or  Eftimation  of  Things  known  from  a 
Comparifon  of  them.     As  alfo   the  Latin  Verb 
futare  (in  Greek  xoyl^i^)  with  its  Compounds 
computarc  and  fupputan  do  fignify  to  eftimate  the. 

Quantities 
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QtmntiQcs  of  TMngs  fchiefif  as  to  M^Onide  or 
Pnce)  by  numberif^  ci  eampming  them.  Btt  iSbc 
Word  Proportum  is  fcvcfal  Times  ufed  in  Cicen^ 
though  in  a  Senfe  nbc  oraftly  the  £une.  For 
{bmecimes  it  appears  to  him  to  be  of  the  lame 
Impoitance  vrim/trnple  Reafin^  at  odfor  Times  to 
deugn  a  Similitude  or  Analogy  cf  Reafims  %  and  be 
feems  to  be  the  firft  who  invented  its  Ufe,  at  leaA 
the  firft  who  applied  it  to  die  Madiematics  :  Thus 
he  intimates  in  die  Frs^fment  which  is  infcribed 
^mauf  or  De  Univerfi. .  The  Words  may  be  dios 
rendei^  in  Englijb.  But  thai  is  the  fiU^t  md 
fidrift  of  Ties  wtncb^  from  Ufdf  and  tmib  ReAeS 
io  tbefe  Tbif^s  thai  it  ttndsy  mofi  effedalh  fffiSs 
out.  And  tMty  tdncb  by  the  Greeks  is  calM  Ana- 
logy y  mofi  completely  reaches  it^  vAicb  in  Latin^  (Ibr 
We  muft  prefume,  becaufe  thefc  Things  are  firft 
innovated  by  us)  may  be  called  Comparifon  or  Pro- 
portion. Moreover  in  that  Book  the  Word  Propor^ 
tion  is  often  ufed^  yet  in  a  Senfe  fomething  various. 
The  Origin  or  Occafion  of  inventing  which  Term 
fcems  to  be  taken  from  hence.  When  in  gather- 
ing Tributes  and  publick  Taxes,  every  one  had 
his  Share  to  pay,  according  to  the  juft  Value  of 
his  Eftate,  which  Share  was  called  each  Man's 
rated  or  computed  Portion  •,  hence  every  one  was 
iaid  to  pay  pro  Portioned  or  pro  rata  Portione^  i.  e. 
according  to  his  computed  Portion  :  And  hence 
proceeded  the  Word  Proportion.  This  is  the  Opi- 
nion of  Cicero^  while  he  was  ftudying  to  fuk  the 
Greek  with  his  Latin^  that  he  might  exprefs  the 
Words  hoyov  and  dva\oyix¥y  which  are  obvious  to 
any  one  who  looks  into  Plato  and  the  other  Greek 
Philofophers. 

But  let  us  remove  our  Hands  from  undo*  the 
Ferula,  and  going  out  of  the  Schools  of  the  Gram- 
marians let  us  fee  what  the  Geometricians  under- 
ftand  by  A^'j^oy,  ^nd  the  Reafon  and  Proportion  an- 

fwering 
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fwering  to  it  (according  to  the  more  frequent  and 
approved  Ufe  of  Proportion^  for  Ibmetimes  it  fig- 
nifies  Analogy  or  ProportiondUy  ;)  And  let  us  en- 
quire what  is  the  genuine  Notion  of  this  {o  com- 
mon a  Word.  For  it  feems  ftrange  that  there 
Ihould  be  fo  great  a  Difpute,  among  Men  by  no 
Means  of  the  loweft  Rank  of  Mathematicians^ 
concerning  the  Nature  of  that  which  every  where 
occurs  in  the  Mathematics,  and  well  nigh  makes 
the  Whole  of  that  Science.  As  if  a  Thing  fo 
plain,  fo  ufual,  and  fo  diligently  examined  were 
not  to  be  known.  From  whence  can  this  pro- 
ceed ?  I  fuppofe  from  thence  •,  that  it  is  very  diffi- 
cult either  diftinftly  to  imagine,  or  accurately  de- 
fine Things  very  abftraft  and  univerfal,  and  efoe- 
cially  the  Modes  and  Relations  of  Things.  I  be- 
lieve that  there  are  fcarce  any,  at  leaft  among  fuch 
as  are  (killed  in  the  Mathematics,  who  do  not 
fufficiendy  underftand  what  they  mean  themfelves 
when  they  pronounce  this  Word,  and  what  others 
conceive  pronouncing  it  ;  but  they  are  not  per- 
haps fo  ready  to  explain  in  other  Words  or  define 
their  own  or  other  Peoples  Conceptions  anfwering 
to  it.  Hence  arifes  a  Caufe  of  Difputc  in  this, 
as  in  moft  other  fuch  like  Matters  which  are  dif- 
Jun6t  from  the  Senfe  :  Carteftus  has  noted  this, 
and  thence  efteems  that  morofe  Curiofity  of  defin- 
ing Words  as  a  Fault  in  Philofophers,  in  thefc 
Words  ;  (f)  I  do  not  explain  many  of  tbofe  Names^ 
which  I  already  have  ufed  or  Jhall  vfe  in  what  fol^ 
lowSy  becaufe  they  feem  to  be  fuficiently  known  of 
themfelves.  And  I  have  often  obferved  Philofophers 
to  err  in  this  that  they  attempted  to  explain  thofe 
itbings^  which  were  moft  ftmple  and  known  of  them- 
felves by  Logical  Definitions  ;  for  thus  they  rendered 
ihem  more   obfcure.    Which  Obfervation  of  this 

(f)  Pxinc.  I,  10. 

moft 
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moft  fubde  Pcribn  is  moft  ftrongly  confinned  {ran 
hence  }  bccaufe  there  >is  leldom  any  Agreement 
about  thefe  Definitions,  at  leaft  among  thofe  who 
have  given  up  their  Nanne  to  no  Sedfc  ;  but  wibax 
one  approves  the  other  dilapprdves,  or  judges  k& 
tit,  or  not  liifficiently  accunite :  As  alio  fiom 
hence ;  becauie  the  Definitions  of  thofe  moft  db- 
firaft  Names  do  rarely  or  never  enter  DiemQalbf^ 
tbns,  nor  ferve  for  drawing .  Conclufions^  Mjkh 
yet  is  the  principal  Ufe  and  Defign  of  £fiefiii3QpBi; 
For  Inftance,  I  obferve  by  the  Wayi.  but  4af 
opportunely,  diat  the  Ddfinition  tif  the  Wad 
hiy^  is  no  where  to  be  found  in  the  whok  Syflni 
or  the  Elements,  nor  is  elfewhere  cited  (that  I  ncnr 
of)  in  any  Mathematical  Book,  for  erefiing  waf 
Demonilration,  or  deducing  any  Condufion.  The 
Word  Diafiema  among  ihe  ancient  Muficians  may 
afford  anotlicr  Example,  which  they  all  defined, 
but  all  dificred  in  Words,  and  varied  fomething 
from  one  anotlier  in  die  Senfe:  This  will  appear 
to  any  one  that  pleafes  to  confulr  ArlfioxemSj 
Euclidy  Nicbomacbus,  Racchius^  ArijVtdes^  Gauden- 
tiusj  Capella^  ice.  But  to  come  nigher  the 
Purpofe. 

tirji  it  is  to  be  noted,  that  there  is  a  certain 
Ambiguity  or  Diftinckion  of  the  Words  Reafm  and 
Proportion^  even  as  tliey  arc  ufed  by  Mathemati- 
cians, though  not,  I  imagine,  of  the  Greek  Word 
Aoy(^.  Reafon  or  Proportion  according  to  fome 
is  twofold,  viz.  Aritbrnetical  and  Geometrical.  For 
the  better  unJt^rftar.ding  of  which,  it  is  firft  to  be 
premifeii  that  each  Kind  of  Reafon^  as  it  intimates 
any  Cornparilon  of  Homngenccus  i^antities  belongs 
to  that  Claffis  or  C.itegory  of  Beings  which  Ari- 
ftotle  calls  Toi  ^§oV  t/  ;  and  others  Relations  or  ///i- 
bitudes.  The  tv/o  Correlatives  of  wiiich  Relation 
are  by  Mathen:iatici;ini  called  Terms.  A  Term 
(fays  Tbeon  Smyrnaus)  is  that  winch  exfrejfes  tbe 

^rticular 
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particular  Nature  or.  Property  of  the  Tinngs  fHen*^ 
iioned^  ar  NunAeTyMngnitUj^^  Power  J  Bulk  f  Gra^ 
vity.    Or  clfewhac  more  clearly:    (g)  JVe  edit 
tbofe  Terms  iwbieb^  agreeing  in  Genus  or  Species^ 
4ire  ajfumed  in  ^Cmnpartfon.    And  the  former  of 
thcfe  two  Terms  in  the  Comparifon  is  called  the 
jAUecedenty  th6  latter  Ihe  Confiquekt.    This  bein^ 
premifed^  fome^  with  the  ancient  Scholiaft  ck3i 
oy  Mnhmiusi\  call  Arithmetical  Reafon  or  Propor^ 
t^  fbe  Relation  of 'two  ^antities  as  to  Difference^ 
4/  c.  ^  one  ixceeas  or  is  Jhort  ef  the  other  i  and  it 
may  be  added,   as  to  Equality  tooi  u  e.  as  tbtf 
J&ffer  nothing  frmn  one  another  \  for  there  may  be 
awiJ^.Compal'ilbn  made  between  equal  Quantities^ 
and  this  particular  Relation  of  the  fame  may  be 
fignified  by  having  for  their  Difierence  nothings 
mdch  is  the  Middle  Limit  between  Excds  and 
Dc&d.    By  Difference  I  here  do  na  underftand 
any  abfolute  Quantity  remaining  after  the  Subdue* 
tion  of  one  Term  from  another  (fuch  as  mdeed  it 
genemlly  called  t^ct^o^  Difference)  but  the  Com^ 
parifon  or  Reference  in  a  fingular  Manner  of  thift 
to  that.     Ex.  gr.  The  Relation  between  a  Lino 
of  three  Feet  and  a  Line  of  two  Feet,  according 
to  which  that  is  conceived  to  exceed  this  by  a 
Line  of  one  Foot  5  or  inverfely,  the  Reladon  of 
two  Feet  to  three  Feet,  as  that  is  conceived  to  fall 
ihort  of  this  the  Quantity  of  a  Line  of  one  Foot  % 
thefe  are  called  ArUBmetical  Reafons^  the  former  of 
Excefsy  the  latter  of  DefeSt ;  yet  the  abfolute  Mag^ 
nitude  of  the  Line  of  one  Foot,  though  it  ufuallf 
gpes  bv  the  Name  of  Difference,  is  not  the  Aritb^ 
fnetical  Reafon  *,  but  this  exceeding  or  falling  fhort 
is  called  the  Arithmetical  Reafon.    Such  a  HdH^ 
tude  (I  fay)  of  Quantities  to  one  another  do  fome 
call  Arithmetical  Keafon.    I  will  not  now  difpute 
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why  they  ftik  it  AriibmMcd^  becale  the  Thing 
is  controverted ;  I  .oiily.%^dtt  jt  fanni to b^diili  . 
denonunated  becaufe  the  Ancno  tiithned  a  o(/t* 
tain  AndUn  ArUbmOiM^''^  ^stia:^   k  irill  bt 

Soper  to  (peak  when  wl:'-ai|Be'te  treat  of  kAi^ 

But  anx)ng  die  GreAs^l  110  Whete- find  «fly 
AriibmeHcal  Kiy^i^  an  the  .kxwrary  jiiey  ^hnji 
diftinguifli  die  a^^  of  Qdaridtis^fiooi.  AttkW 
firence  which  diey  denotT^.thfe.  W^mli  M»i^ 
and  tiwt(o;t<''  >  ^'^  fonietmiei  tenahttf^mj  La 
an  ItUerval^  Space^  or  Di/btMai  ndt  tho^  tei^ 
mating  any  Interftke  refiihang  fiBon  IjqM  F^bMi 
\nx  a  DiverJUy^  and  as  it  wQrei)f|lMMriii'QttUl« 
tity  by  which  one  cannot  b&tottU  efr-anodier,  « 
^  certain  determnite  RemtfMmm-Emi9&y'%  bok 
by  AdV^  ^h^y  conrinually  dcfi^iod  that  HaKiude 
t>t  Quantities  which  is  wont  to  be  called  Geometn^ 
cal  ReafoHy  or  fimply  Reafon.  For  when  Reafon 
is  put  at  large,  always  Geometrical  Rea/on  is  meant, 
i.  e.  that  <^ifftf  Habitude  according  to  which  one 
Quantity  is  conceived  fome  Number  of  Times  to 
contain  or  be  contained  in  another.  Ex.gr.  die 
Relation  of  a  Line  of  three  Feet  to  a  Line  of 
two  Feet  (according  to  which  the  former  is  ccwi- 
ceived  to  include  the  latter  once  and  half  as  much 
befides,  or  is  to  the  latter  as  three  to  iwOj)  is  called 
a  Geometrical  Reafon^  or  particularly  a  Sefmiidlier 
Reafon :  and  inverfely  the  Reladon  of  a  Line  of 
two  Feet  to  a  Line  of  three  Feet  (according  to 
which  the  former  makes  two  third  Parts  of  the  lat- 
ter, or  is  to  the  latter  as  two  to  three)  is  called  a 
Suhfefquialter  Reafon.  Whence  it  may  appear  how 
much  Difference  there  is  between  diefe  two  ReU^ 
tions  called  Arithmetical  and  Geometrical.  For  it 
is  very  different  for  one  Quantity  to  exceed  an- 
other, and  for  one  Quantity  fo  often  to  contain 
another»  or  for  on?  Quantity  to  fall  ihort  of  an* 
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other,  and  for  oro  QJjandty  to  be  contained  ih 
another.  This  Diverfity  is  comnionfy  not  ill 
explained  ftx)m  the  Manner  whereby  thefe  iW^ 
tions  are  inveltigated  and  known,  e^^ecialfy  thei)^ 
v^hen  die  ^erms  contpared  are  expreflcd  in  Nuni* 
bers  (\  am  againft  this  Exceptidn,  becaufe  by  rea^ 
fon  of  that  Necleft  the  Dodkrine  of  Reafoth  i4 
either  unadvifedly  or  obfcurely  delivered :)  Btt 
let  us  fuppoie  the  ^erms  compared  to  be  expreflfed 
in  Numbers ;  then  their  Arithmetical  Reafin  i| 
found  by  fiibdudting  the  Confequent  Term  from  th6 
Antecedent^  and  the  Geometrical  by  dividing  tlii 
Antecedent  Term  by  die  Confequent ;  I  fay  founds 
i.  e.  diicovered  and  fubjeoed  to  our  Eftimatioi). 
Eit.  gr.  by  comparing  two  Quantities  dencxninated 
by  die  Numbers  Three  and  Two^  fuppoie  tbret 
Feet  and  two  Feet^  by  fubdufting  Two  from  Three 
there  is  left  One  for  the  Difference,  or  a  Line  of 
dne  Foot.  But,  the  Terms  being  tranfpofed,  if  the 
Line  of  three  Feet  be  taken  fh)m  the  Line  oftwa 
Feet  J  there  remains  left  onCj  or  the  De/eff  of  a  Line 
of  one  Foot  for  the  Difference ;  and  from  thefe  Re- 
mainders are  known  the  Relations  as  to  Difference^ 
or  the  Arithmetical  Reafons  of  the  propofcd  Quan- 
tities ;  fince  if  the  Refidue  found  by  both  Sub- 
duftions  be  added  to  the  Confequent,  the  Sum  re- 
fuking  will  be  the  Antecedent :  For  in  the  former 
Cbmparifon  1+2=3,  and  in  the  latter  — i-|-3=s2* 
And  this  feems  to  be  the  Tendence  of  every 
Comparifon  of  Quanddes,  that  other  Comparifons 
may  be  reduced  to,  and  fome  Way  dlimated  by 
Equality^  which  is  the  moft  fimple,  conftant  and 
comprehenfible  Relation.  The  former  Relation 
from  the  former  Difference  is  called  the  Relation  of 
the  Excefs  of  onCy  the  latter  fix)m  the  latter  Diffe^ 
rente  the  Relation  of  the  DefeS  of  one.  But  if  two 
Quanddes  repitiented  by  the  Numbers  20  and  4  be 
$;)mpai$d|  by  dividing  the  Antt^tdcnf  20  by  die 
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ConfequiiU  4,  the  ^jMli^^iy  5  ;  but  inverting  the 
T^rms,  by  dividing  i-by  20  the ^otimt  b •^sz\. 
By  which  ^oiienU  m  dDClaredl  the  Geometrical 
ReafoHs  of  the  propofixl  C^^uvities,  becaule  if  dbc 
^oHent ,  finind  be  muItipBod  by  the  Confe^uem^ 
the  Pfvitf^  £5  eaual  to  the  Antecedeui :  fiir  xntbe 
former  Comparilon  gx^^^xo^  in  the  latter  {x2o=4; 
a»  Things  again  are  referred  to  Equaliiy.  Tk 
former  Relation  by  the  patient  found  is  denomi- 
nated a  ^iniuple  Reafm^  the  latter  SuhaidniupU. 
But  I  muit  now  (hew  a  Cade  why  I  nave  ex- 
plained Arithmetical  Rea&n  othcrwiie  than  it  is 
vulgarly  done,  not  by /wduHifK  f^  lefler  Term 
ifrom  the  greater,  but  mdificrenuy  the.  Cemfequeat 
from  the  Antecedent.  For.  which  many  Caufo  may 
be  afligned  ;  as 

Ftrft  becaufe  this  Way  is  more  commodious  for 
fhewing  the  Diverfity   we  are  infifting  upon,  of 
thefc  difterent  Reafons  by  SuhJuElion  and  Divifwn  \ 
becaufe  this  Way  the  Subdu£lion  which  fignifies  an 
Arithmetical  Reafon  in  every  refpeft  anfwers  the 
Divifwn  wliich  fignifies  a  Geometrical.     For  accord- 
ing to  us  the  twofold  Subdu£lion  in  the  former  is  the 
fame  Way  performed  as  the  twofold  Divifion  in  the 
latter  :  There  the  greater  Term  is  improperly  fub- 
dueled  from  the  leffer,  as  here  the  lefler  Term  is 
improperly  divided  by  the  greater:  As  the  Re- 
mainder there  is  lels  than  Nothings  lb  the  ^otient 
here  is  lefs  than  Unity- ;  and  as  the  Antecedent  there 
is  always  made  by  the  Addition  of  the  Confequcnt 
and  Remainder  ;  fo  the  Antecedent  here  is  formed  by 
the  Multiplication  of  the  Confequent  and  ^otient  : 
Therefore  this  Method  is  more  commodious  than 
the  other,  according  to  which  the  SubduElion  or 
Difference   is   of  one   Sort  only,  viz.  Pojitive  or 
greater  than  Nothing,  and  the  other  Properties  do 
no  how  agree* 
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Secondly^  this  Way  of  explaining  Arithmetical 
Reafons  by  SuhduSlion  is  alfo  more  true  in  itfelf, 
and  more  agreeable  to  the  Reafin.     For  fince  a 
Tranfpofition  of  the  Ternis  in  comparing  two  un- 
equal Quantities  caufes  a  twofold  Relation  (for  the 
greater  "term  is  not  the  fame  Way  referred  to  the 
lejfer^  as  the  leffer  to  the  greater^  by  die  Acquifi- 
tion  or  Invcndon  of  one  only  Difference^  from  the 
Subducfion  of  the  lejfer  from  the  greater^  therefore 
thefe  two  Reafons  are  not  righdy  and  ufefiilly  ex- 
plained ;  but  it  is  better  to  exprefe  them  by  two 
Differences^  the  one  Pofitive  (hewing  an  Excefs^  the 
otter  Negative  fignifying  a  DefeSf^    To  lack  and 
to  exceed  arc  not  the  fame,  and  therefore  ought  not 
to  be  denoted  by  the  fame  Sign.     This  being  un- 
obferved  by  fome,  they  aflerted  that  there  is  no 
Relation  of  ^antities  as  to  Difference  \  becaufe  if 
there  be,  it  ought  to  be  twofold  ;  but  a  Pofitive 
Difference  is  fimple  and  One^     Nicbomacbus  in  his 
Enchiridion  of  Harmonies  fays  :   They  who  account 
a  Difference  and  Relation  for  the  fame^  think  Wrong  \ 
for  lo  two  has  the  fame  Difference  to  one^  as  one  to 
twoy  but  not  the  fame  Relation.     Confequendy  he 
argues  aright  from  the  Hypothefis  of  one  only  Dif- 
ference \  but  I  anfwer  that  the  Difference  between 
I  and  2  is  — i,  as  fignifying  i  to  lack  one  of  2  ; 
but  the  Difference  between  2  and  i  is  -}-i,  as  fig- 
nifying 2  to  exceed  i  by  one.     Therefore  fince  the 
Difference  is  twofold,  nothing  hinders,  but  there 
may  be  two  Relations^  as  it  were  contrary  to  one 
another  or  univerfal.     Therefore  Theon  Smymaus 
thinks  wrong  with  NicbomachuSj  That  the  Difference 
of  twounequalsy  either  to  other  j  is  one  and  thefame^ 
bkt  the  Aoy&'y  i.  e.  Geometrical  Reafon  of  either  to 
other   is    different    and    contrary.    Indojd  I  can 
hardly  perceive  why  Geometrical  Reafons  which  lie 
between   two  unequal  Terms   ought   not   to   be 
equally  confounded  firom  a  Tranfpofition  of  the 
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turns  accordvg  t$  ifn^  Sum 

Way  betwoen  uoeqittl  Tionqi^aoe  vidgfitly  c^eoapd 
for  one.  Nor  docs  apy  Thing  hinder  but  ttien! 
may  be  fych  an  improper  Sukhn'mi  of  a  greater 
prmn  a  Upr^  and  wluu^  perhaps  fcenis  difHcuk  to 
conceive,  Somethitig  idl  tt^an  Nothing  itfelf.  For 
the  Dhifion  rfa  l^pr  iy  ^  greater  is  fcarce  thought 
Ids  iaipn!^»  nor  is  it  eafier  to  conceive  how 
often  a  greater  is  em^tained  in  a  lejpr.  It  k 
enough  Ithat  diis  Kind  of  SubduSion  k  iWicA  to 
Arithmetical  Laws  as  i^^dl  as  that  Kind  of  J^vU 
fion^  and  is  not  de^oied^r  applied  without  CaiiTe. 

It  mjiy  be  added  dm  this  Mediod  d^  SuhduBm 
is  very  uieiiil  in  odier  Refpcds,  efpccially  in  the 
Companion  of  Geometrical  Progreffiom  with  Jri^b* 
vietical ;  and  chiefly  of  tliofe  Pro^re/Tjoifs  which 
proceed  on  one  fide  oy  encreafing  ami  on  tlie  odier 
by  decreafing  from  Unity :  For  as  Pqfiiive  Exponents 
are  affigned  to  the  encreafing  Termsy  fo  ifegative 
ones  are  attributed  to  the  decreafitig  Terms.  But 
here  is  no  Place  for  fpeaking  farther  of  this.  I 
only  take  nodce,  that  thefe  Negative  Differences^  or 
Terms  lefs  than  Nothing  are  eafily  exhibited  in  Geo- 
metry. For  they  arc  only  computed  ftom  the  fame 
fixed  Limit,  in  an  Order  contrary  to  thofc  wherein 
the  Pofttive  Terms  proceed,  or  fuch  as  arc  greater 
than  nothing.  As  in  a  Right  Line  (Fig.  V  .)  ex* 
tended  indefinitely  arc  afllimed  the  two  Right 
Lines  AM,  AN,  towards  the  contrary  Parts, 
each  being  equal  to  any  Right  Line  Z,  and  let  the 
Right  Line  AM  proceeding  forwards  be  reprc- 
fented  by  4.Z,  then  will  the  Right  Line  A  N  taken 
backwards  be  reprefented  by  -^Z.  As  fuppofc 
one  fwimming  forwards  and  aiming  againit  the 
Stream  towards  M,  be  carried  backwards  by  a  dou- 
ble Force,  then  the  Diflance  he  has  made  will  be 
A  M—2AM  or  -i^AM  to  be  computed  from  A 
backwards  to  N.  Thefe 
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Thefe  Things  may  in  part  fufiice  for  illuftrating 
the  DiverfUy  \^&ONCtn  Arithmetical  and  Geometrical 
BxafottSj  by  SuhduSion  and  ,Divtfion.  We  will 
perhaps  hereafter  treat  of  the  fame  Thing  mor^ 
opportunely  and  accurately,  when  their  Opinion 
comes  to  be  examined,  who  would  confine  the 
J)o£irine  of  Reafons  and  what  bel(H)gs  to  that  Dif- 
quifition  to  Numbers.  We  (hall  now  only  touch 
upon  one  or  two  Diverfities  of  thefe  Relations 
jdrawn  from  their  Namre.  F^Ji  of  all  it  is  to  be 
jaoted,  that  the  ^me  Arithmetical  Reafon  is  exhibited 
in  l^erms  of  one  Kipd  only,  but  a  Geometrical  Rea- 
fon nuy  be  fitly  rcprefcnted  or  exprefled  by  Quao- 
tides  of  any  Kind  The  Reafon  is,  becaufe  an 
Arithmetical  Reafon  is  determined  by  fomething  ab- 
iblute  within  the  Limits  of  a  certain  Genus  viz. 
by  the  Difference  of  two  homogeneous  ^antities^ 
which  is  always  homgeneous  to  the  Terms  them- 
felves  fo  compared :  But  a  Geometrical  Reafon  is 
determined  from  the  Manner  whereby  one  Thing 
contains  or  is  contained  in  another,  which  Man- 
ner may  be  equally  agreeable  to  the  various  Con-- 
jugations  of  heterogeneous  Terms  ;  whence  it  com$ 
to  pafs  that  every  two  Quantities  are  capable  of 
exprefling  or  fubjefting  to  Eftimation  the  Rela- 
tions of  any  other  two  Quantities  the  fame  Way 
affedted.  Ex.  gr.  The  Arithmetical  Reafon  of  two 
unequal  Lines  can  be  exhibited  only  by  two  Lines^ 
not  two  Weights,  Times,  or  Bodies ;  becaufe  no 
Line  exceeds  another  by  any  Weigltt,  Time,  or 
Body,  but  only  by  a  Line  determined  according  to 
its  own  abfolute  Quandty  :  But  the  Geometrical 
Reafon  of  the  fame  two  Lines  may  be  exprefled 
by  two  Weights,  two  Times,  or  two  Quanddes  of 
any  other  Kind  *,  as  the  Reafon  between  a  Foot  and 
an  Inch  in  Length  may  be  reprefented  by  a  Pound 
and  znOunce  Troy  in  Weight,  by  a  Tear  and  a  Mmtb 
in  Time,  or  by  any  other  fimilar  Terms,  of  which 
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one  contains  the  other  HMbt  "Wiwrf' j  tferiitiiB  Thp 
i'erms  of  thcTe  betertgemm  QvK^^i^\3im^ ixK^ 
pared  together  wooSt&^viwm^t^^  QS?^ 
dtiesdo  refpeft  one  amscfaer  the  fiomb  Wftj^^ 


art  the  lame  Way  aflcaed  towafA'  cne  anoflUP, 
Fixmi  hence  a  moft  leaned  X^'M^vC'taSbOaEi^ 
(km  to  iaydiatiOl'^aMiffMU^I^^ 
'gver  S^antiHis  nre  Jf&m^jpiiifm-m  one  anodier;'  lii^ 
€Mife  all  are  in  tbe'Gfms  ef  NifiiAer.  Add  afior* 
waids  he  adjoins.  ;*J|^^  nuifi  ik 

^eS  of  Reafim^  AeRe^fm^umi^i^^    if  Hi 
niptgs  €ompitrei  rfsM*  W  jEU^  VMr  Gms 

md  pafs  into  the  Gems  f  NtMery  if  nAaifieo» 
4Semfs  the  mi^ia^^i'^iich  aretm^foreA.  wUcb 
Words  notwimftamfii^  I  do  119c  lo  ^ivdl  raprave 
of,  as  well  for  odier  Caufes'  hoi:=  jyct  to  be  ck« 
plained,  as  becaufe  I  know  of  no  Genus  eitlvcr  of 
Reafin  or  JVw^^^n  comprehended  under  Quand* 
ty  I  For  ncidier  in  my  Opinion  are /?^tf/&«j  Quan- 
tities, nor  capable  of  Quantity  (as  hereafter  Imall 
•ndcavour  to  evince  in  its  proper  Place)  but  arc 
mere  Relations  founded  in  Quantity  ;  and  Num- 
bers I  account  only  as  the  Names  and  Symbols 
of  Quantities,  which  we  have  already  fhewn  more 
than  once.  I  add,  it  feems  manifeft,  that  when 
two  Quantities  are  compared  together  (viz.  to  in- 
veftigate  their  Reafon  by  certain  artificial  Opera- 
tions Arithmetical  or  Geometrical,  i.  e.  to  render  it 
comprchenfible  or  eftimable)  yet  there  is  not  thence 
framed  any  new  Reafon  but  die  fame  exhibited  in 
other  Terms  \  nor  does  the  Reafon  ever  leave  its  Ge- 
nus, but  is  exhibited  in  Terms  of  a  difierent  Genus,  for 
(he  moft  part  more  fimple  and  known  ;  indeed  gene- 
rally in  Numbers  when  it  may  be  done,  bocaufe  thefc 
^ve  Symbols  moft  accommodate  to  our  Capacity  for 
determining  the  Me^fures  of  Things,  Ex.  gr.  to  him 
that  enquires  what  Reafin  3,  Shilli^  has  to  a  Groat  in 
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Value,  or  in  Weight,  he  that  anfwers.  It  has  die 
Reafon  of  12  to  4,  produces  no  other  Reafofiy  but 
explains  what  is  fought  in  Numerical  Terms  :  and 
moreover  he  who  afks  what  is  the  Reafin  of  the 
Number  12  to  4,  and  dividing  the  Antecedent  i% 
by  the  Conftauen$  4  finds  it  to  be  triple j  mentions 
no  new  ReajoH'i  but  exprefles  the  Reafon  propoled 
in  Tprms  more  eafy  to  be  eftimated,  i.  ^.  in  the 
leafT  Numbers  J  viz.  3  and  i.  For  he  who  fays 
chat  is  triple  to  this,  fays  and  means  no  more  than 
chat  is  to  this  as  3  to  i  ;  the  Antecedent  being  cz- 
prefled,  and  the  Confe^uent  (which  is  always  Unity 
m  the  Denominations  of  iiich  Reafons)  underftood. 

Hence  may  another  Diverjity  of  thefe  Reafons  be 
caken  notice  of,  that  a  Geometrical  Reafon  is  al- 
ways exprefled  by  two  Terms j  at  leaft  in  the  Un- 
derftanding,  and  thofe  always  Pojitive.  For  the 
Reafon  even  of  two  Negative  Terms  is  Rofttvoe^  ex. 
gr.  the  Reafon  of  -^^4  to  —2  is  'Double^  or  as  2 
to  I,  becaufe  multiplying  each  Term  by  —  i  there 
is  produced  ^4  and  -|l2.  But  an  Arithmetical 
Reafon  is  exprefled  by  only  one  Term^  and  that 
fometimes    Negative:  as  fuch  a  Reafon  between 

1  and  3  is  moft  commodioufly  denoted  by  the 
Negative  Term  — 2 ,  as  wasjuft  now  fhewn.  More- 
over an  Arithmetical  Reafon  is  found  between  two 
Terms  affedked  with  different  Signs ;  but  there  is 
no  Geometrical  Reafon  between  fuch.  Ex.  gr.  the 
Arithmetical  Reafon  between  2  and  —2  is  all  one  as 
the  Reafon  betwen  6  and  2  ;  for  the  Excefs  of  the 
Antecedent  above  the  Confequent  in  both  is  4 ;  but 

2  to  — 2  has  no  Geometrical  Reafon ;  for  the  for- 
mer is  to  the  latter,  as  fomething  b  to  what  is  leis 
Chan  infinitely  litde ;  nor  is  there  any  imaginable 
Nimiber  how  great  foever  which  is  not  lefler  in  Re* 
Jpeft  of  I,  than  2  is  in  Refpeft  of —2. 

Again  the  Geometrical  Reafon  o(  Equals  is  alwajrs 
^^omin^tcd  by  Unitjf^  smd  the  Arithmetical  Rea* 

fon 
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fim  by  Nidbmg  \  the  Geometrical  Reafm  of  a  greoier 
tO^LUtffir^  if  explicable  in  Numbers,  is  denominated 
byaVuinber  exceeding  Unity,  in^ger  or  mix£d» 
^  Jritbmifkal  Rmfin  by  a  Difference  occeeding 
Kdcfailigy  wjiich  yet  is  not  always  as  much  as  Unity ; 
fx|t  ci)e  Geomiincal  Reafon  of  a  UJf^r  to  a  greater  i$ 
Ikbpsm  denorninated  by  a  FniiHon  or  Number  Ids 
dwi  lJnjty»  and  the  Aritbmeliml  Reafon  of  fuch 
yW^wJIsftmified  by  a  Number  beneuh  Norhingp 
invjolvingl^egatioiiy  as  i^  have  already  inculcatd. 
iBuF  W^  hf^Vf  ^k^  more  than  enough  concerning 
»^  Dij^irifUis  ^  0^  Eirfms.  ^ 

$nGp  Oioe^  ti)e^  Ip  ^^|8^ 

by  NMuit,  the  uine  Name  of  I^€m^  tiSfk  jigt 
ggree  with  bodi  univq^aUy »  udcQp^sjfMi^yit'k 
benrr  to  appropriate  imc  Word  to  Gmmtn^ 
Reafm  alone.  Therefore  difniifliiig  that  which  k 
called  Reafon  without  Authority,  let  us  come  to 
examine  the  Notion  of  this  Geometrical  Reafon  a 
little  nearer.  Let  it  fufiice  to  have  cleared  the  Way 
at*prefent  which  lay  blocked  up  with  Ambiguities  ; 
^lid  in  the  next  I.£6lure  we  will  foUow  it  more 
clolely  :  In  the  mean  Time,  I  wiih  you  FarewelU 


LECTURE    XVIIL 

A  Defence  of  Euclid  j  Befrntim  of  Reafon 
or  Proportion. 

LAYING  afide  all  Prefaces,  and  having dif- 
perfed  the  Clouds  of  Ambiguities,  which  lay 
in  our  Way,  we  come  now  to  enquire  into  and 
c:q)lain  the  Nature  ^{Geometrical  Reafon.  Geome- 
trical Reafon  or  fmiply  Reafon  (for  in  this  Senfc 

we 
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ve  will  always  hereafoar  ule  this  Word»  as  alfo  its 
equivalent.  Proportion)  I  taij  Reafomvc  ProportUm 
i  A^V^  ^  defined  by  Euclid  (or  by  EudoxuSj  if 
he,  as  is  iaid,  be  the  Compofer  of  the  fifth  Bode 
of  the  Elements)  to  be  a  certain  Habitude  ('or  Re- 
lation^ of  two  bomogeneous  Magnitudes  to  one  an^ 
ctbeTj  according  to  ^antity.  About  which  Defi- 
liition  two  mngs  may  be  enc^uired  into  and  di£^ 
puted  ;  Jirfi  what  is  his  genuine  Meaning  ;  and 
then  whether  it  be  fufficiently  hift  and  accurate. 
I  will  endeavour  to  iadsfy  each  Difouifition  ap« 
plying  certain  Obfervations  to  his  Terms,  that 
ipre  may  at  the  lame  Time  interpret  the  Senfe» 
and  defend  the  Authority,  of  our  Mafter.  Bb 
pleafed  to  pardon  my  Contentioufiieis,  and  take  it 
not  for  the  worie  that  being  led  with  a  certain  Pie- 
ty I  ftudy  to  vindicate  the  Father  and  Prince  of 
Geometry  fix>m  the  undelerved  Reproaches,  which 
are  every  where  thrown  upon  him. 

I.  In  every  Definition,  Care  is  to  be  taken 
that  the  Thing  defined  be  reftrained  to  a  certain 
Claflis  of  Beings  ;  for  that  conduces  very  much  to 
determine  its  Nature  and  diftinguifh  it  fi'om  others* 
Therefore  the  Genus  is  firft  to  be  enquired  intOt 
trhich  in  this  Definition  i$  (i)  Habitude^  or  Rda^ 
tion^  and  that  rightly ;  for  unce  every  Quantity 
may  be  confidered  two  Ways,  either  as  having  a 
certain  abfblute  Extenfion  of  its  Genus  (abfolute,  I 
iay,  and  determinate  fix>m  the  intrinfe<^  Property 
of  its  Nature ;)  or  as,  in  Comparifon  with  another 
Quantity,  it  has  itfelf  in  a  certain  Manner  towards 
that  other :  The  Comprdienfion  of  which  Manner 
is  ferviceable  for  the  better  Conception  of  its  ab- 
fblute Quantity  and  the  Declaration  of  others.  I 
laid,  it  has  itfelf  in  a  certain  Manner^  i.  e.  as  either 
wholly  congruous  and  equal  to  it,  or  uneoual  in 
ibme  peculiar  Reafon^  which  is  rendered  known 

an^ 


^. 


and  compuoiUc  fay  Nmhbers  t .  t.  by  Symbob  of 
the  Ooanmies  dhnded  into  c^od  Futs»  or  by.  die 
£i{)ofiidon  of  odier  Qmndtits  whidi  are  to  one 
aoodier  in  the  fime  Mnner.  I  b^  pardon  bt^ 
fpendinp  a  litxk  more  Ldxmr  dun  ofdinary  ia 
iUuftrating  a  Thin^  fo  tot  diflkuk  to  be  cx- 
plainedy  and  well  nig^  too  rabde  for  the  moft  a^ 
rendve  Mind.  But  when  a  Quandty  bos  itfiff  k 
a  certaiH  Manner  to  andber^  L  e.  h  dns  eqou  to 
anodier^  or  in  a  certain  Reafbd  unopiaU  k  b  fiiid 
(by  Agreement  of  the  Mafien  wfaoprefbribe  Naon 


to  the  Things  confidered  in  this  Sdeooe'l  /#  tew 
this  or  that  Reafon  tp  that  Mer  \  and  mch  vcxr 
RefpiS  abftraray  taken  is  named  Riofin^  wfaica*. 
con&quendv  is  ripidy  added  to  the  Claffis  or  Gtte* 
gory  of  Relations.  Foritis  apparent  diat  the  C^ui- 
titles  thus  conndered  are  mutually  referred  to  me  an- 
other^ and  do  undergo  all  Things  which  Logicians 
aflign  to  Relatives  or  Correlatives ;   and  Ariftotle 
takes  his  firft  Examples   of  his  ti  irfis  n  (/•  e. 
Things  referred  to  another;  from  hence  both  in  Ws 
Lxigics  and  Metaphyfics  :   Tbofe  ^ngs  (fays  he) 
are /aid  to  be  to  one  another  (u  e/  to  be  Relatives) 
which  as  to  that  very  I'bing  which  they  are^  are 
faid  to  he  of  others^  or  are  fome  other  Way  referred 
to  another :  as  a  Greater^  whatfoever  it  isj  is  en- 
tirely attributed  to  another^  for  it  is  greater  than 
fomething  :  and  alfo  a  Double  whatfoever  it  is^  is 
attributed  to  another  j  hecaufe  it  is  the  double  of  fome- 
thing.     Neverthclefs  our  Countryman  the  wonderful 
Correftor  of  Modem  Madiematics  is  moft  unmer- 
ciful and  unmannerly  with  Euclid  upon  this  Ac- 
count,    ne  Definition  of  Reafon  (fays  (k)  he  mean- 
ing Euclid^s)  is  fufficiently  unapt.     Again,  As  Eu- 
clid bad  infignificantly  faid.     Again,  //  may  he  that 
Euclid  himfelf  did  not  fufficiently  perceive  the  Nature 

(kj  Pag.  44,  iQo.  88.,  82, 
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of  Reafon  ;  nay  it  could  not  be  otbermfe^  fince  be 
defines  Reafon  by  mii  ^^w ,  f .  e.  a  certain  Habi- 
tude or  Relation.  Ana  again  he  reckons  that  Eu^ 
did  has  coughed  in  this  Place,  1.  ^.  he  has  given 
us  an  empty  Sound,  becaufe  he  had  nothii^  to  fay 
to  the  Purpofe.  But  good  Words  I  beg,  what 
Reafon  is  tlvsre  for  all  this  tragical  Outcry  ?  Is  it 
becaufe  Euclid  has  defined  Reafon  by  j^^if ,  /.  e.  a 
Habitude  or  Relation?  Pray  what  can  you  conceive 
by  jjjiw,  or  you  would  have  it  to  fignify  NotMng  % 
what  does  the  Man  mean  ?  Himfclf  like  all  others 
defines  Reafon  truly  and  accurately  thus  5  (I)  Rea* 
fon  is  the  Relation  of  the  Antecedent  to  the  Confe- 
quent  according  to  Magnitude.  Reafon  is  a  Rela* 
tionj  and  what  elfe  did  £«r/ii  think  or  mean  ?  Who 
ever  conceived  his  Meaning  otherwifc  ?  But  this 
Diftator,  by  his  own  Authority,  will  not  cmly 
Ipeak  himfelf,  but  underftand  others  to  Q>eak  after 
his  own  Will  and  Pleafure  :  he  aflumes  to  himfelf 
(for  who  may  forbid  him  ?  J  as  a  moft  expert  Inven-» 
tor  of  Words,  to  declare  the  Senfe  of  his  own 
Mind  contrary  to  Cuftom  ;  and  not  content  with 
that  he  alfo  arrc^tes  to  himfelf  the  Power  of  in- 
terpreting the  Opinions  of  others,  contrary  to  com- 
mon Confent  and  the  moft  received  Ufe.  Xviw> 
when  himfelf  commands  and  permits  it,  oumt  to 
figni^  an  Habitude ;  but  an  Habitude  Nouiing, 
wnatloever  moft  other  Mortals  fay  a^inftit,  whm 
applying  thefe  Words  to  defign  their  own  certain 
Senies.  Grammarians  call  the  Agreement  or  Con^ 
nexion  of  Nouns  between  the  Su^antive  and  Ad- 
jeStive  ^«  ivofAcnm.  Divines  dispute  whedier  I- 
mages  are  to  be  worihipped  c^ixm^,  i.  e.  for  the 
j^i^iy  or  Relation  which  tney  obtain  to  the  OriFU 
nals  they  r^refent.  Common  Speech  defigps  uie 
Relations  of  Kindred  and  Affinity  arifing  from  a 

I/)  Pag-  4Sc 
:    ^  Gmjundtioo 


mm  Habitacfe  hecmje  t  bos  Jmitiii^  §r  hecmtfe  U 
is  b^df  ^  it  AfT^  trte  is  U  that  it  bas^  hut^  it 
te  huL,  h  what  is  it  bad?  AR  tMcb  are  trijkt^. 
To  whicn  I  anfwcr,  when  Re^mi  b  find  by  him 
ID  be  a  lUatiottj  i.  e.  a  TeBs^  or  Carrying  ^onr. 
I  aHb  a(k  iriiat  is  that  whicfa  there  is  carried  or 
€arried cgaiMj  from  whence  orwfaidier  is  it  carried? 
Bat  wc  have  no  Lcilure  for  Triflings  in  bong 
ftrift  and  fevere  to  gither  die  Significatms  w 
Words  from  dnr  Etymologies  alone,  which  are 
fadier  to  be  taken  and  approved  from  Qiftom 
and  Conlent,  to  which  they  only  owe  dKU*  Forte 
and  Power  of  fignifying.  Albeit  fince  m  {;ij«f, 
i.  e.  to  have  is  ufed  innumerable  Ways,  nodm^ 
is  more  cuftomary  with  Philolbphers  than  by  it 
to  denote  Relation  and  Refpelt.  Ari/totk  in  his 
Categories^  The  EJfence  of  Relations  confifts  in  tbis 
^Sf  ix(ft9  tbat  tbey  have  tbemfehes  in  a  certain  Man- 
ner^  or  are  in  fome  fort  affeHedy  to  fometbh^. 
And  to  hare  that  Foundation  true  and  ital  inQ« 


W  P^S  «. 
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mates  what  is  had  and  found  in  the  Terms  of  any 
particular  Rdatimj  by  reaibn  of  which,  or  accordh 
ing  to  which,  they  mutually  refpcft  one  another* 
Ex.  gr.  there  is  had  (to  anfwcr  our  Adverlkry 
more  fully)  a  determinate  C^antity  in  the  ^irms 
of  every  Propbrtum  by  reafen  of,  or  acccnfclit:^  io 
which,  one  is  ccmiparbd  with  another ;  frbm  #hence 
is  the-  Form  xrf  Speech  ufed  by  Geometricians  (not 
tinobferred  by  himielf)  which  explains  the  Simu 
litudit  tjf  Reajms  thus.  As  A  has  idelf  to  JS,  fii 
has  C  itfelf  to  D.  Therefcnre  Eudid  is  not  out  of 
the  Way  f  he  who  has  had  the  united  Voice  df 
fo  many  Ages,  j  but  his  Cenfurer  infolently 
wrangles ;  the  former  writes  not  infignificantly^ 
but  the  latter  reads  carelefly  ;  the  former  has  a 
right  Perception  of  the  Nature  of  Rtafon^  but  die 
latter  perverts  his  Explication  oi  Reafon  ;  laftly,  it 
is  not  Euclid  that  coughs  but  a  certain  Perfbn  diat 
fhamelefly  boafts  :  One  to  whom  it  is  indefed  juil 
to  make  Retaliation,  and  reprove  with  that  Saymg 
of  Evrjpides. 


«-,    %     \      \      ^  % 


Since  you  bAvt  dared  to  utter  Things  unkind 
Expert  to  bear  unkind  Things  in  retuhi. 

But  I  trifle  too  much.  I  will  only  fiitgoin  one 
Thing  by  the  Way^  diat  (»)  Nicomacbus  Gerafenus 
in  his  Muficsy  by  what  Authority  I  know  not,  has 
^Im  for  Species^  and  hiy^  for  Gcnus^  changing 
3ie  Order, 

Secondly^  After  the  Genus  in  defining  Accidents, 
the  Subjefb  come  next  to  be  confidered,  which 
are  called  Terms  in  Relations.  Hence  I  take  nodce 
next  that  Euclid^  applying  this  {p)  Book  to  Geome- 
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try,  undeitDok  ooljr  o  dbfiae  tb&^J^|teorMi9T 

nitudcii    Hence  k  is  Atn  Mitgnwijtt  ijBfcd-<lf 

which,  to  make  ifae  Btimrinn  -pii 

nl  aspoffible,  it  ouAt  M  be 

Ask  IS  m^bem(p)80ijfnkms9  MM^fimumtmm 

HdUiudi  €f  two  bom^imms  T/omt  U  mat  mMiurg 

a€Mr£t^  to  AmJignff    Aiid>(f)iViciwwflfaf  jttMi 

Arithmetic  :  Ro^  is  tbo  fbMM^^^MtfTmri 

to  Mr  omiber.    EJut  Ramus  bhnwour  Audhdr  far 

diit,  becaufe  he  hat  6td&DtiSiAt  Ru^^^ 

tildes  fipmudy,   finoe  J!«|/Bii.  ag^vea  iHth  all 


Things.  92r  f^fttglrjr  <&n  Tr)  he)'  u  ftsMlad 
ibrougb  tbi  wboU.  Book  4  ^^  ^  Jmbmdk 
ooMfined  to  tU  iMerSsilfoSioucorKkitMtjpM 
I  anfwer  fir/t^  dnt  a  flraaier  Softifii$  h  rniniiiilMil 
by  this  Cenfiuer  himid^  who  ooofittes  ^Rctiba  ta 
Numbers,  a  Subjeft  equally  particular  and  lefi 
apt.  (f)  jfnotber  Comparifon  of  ^antity  is  comunS 
nvitb  NufneratioHj  and  is  called  Reafon^  fobicb  con* 
fiders  bow  often  the  ConfequenS  is  contained  in  tbi 
Antecedent.  As  if  every  Comparifon  of  Qiuntity 
were  fubjeft  to  Numeration j  and  cvtryjRieafon 
agreed  with  Numbers,  or  might  be  cxpreflfed  by 
Numbers.  It  is  fufficiently  apparent,  nor  does 
himfdf  deny  but  there  are  certain  Surd  Reafons  and 
llich  as  are  inexplicable  by  Numbers  ;  l^t  there 
is  no  Reafon  at  all  which  cannot  be  exhibited  in 
Magnitudes  of  every  Kind.  Therefore  Number  is 
unfuitably  aflimied  for  the  adequate  Subjeft  of 
Reafon  \  and  Magnitude  is  much  more  (uitable, 
fince  there  is  no  Mode  or  Species  of  Reafon  but 
what  agrees  with  it.  I  anfwer  fecondly^  fince  (as 
I  imagine  h  has  been  abundandy  proved;  Ms^- 
nitude  is  the  principal  and  only  Genus,  properly 
fo  called,  of  Quantity  %  and  others  only  by  Rela« 

O)  Cap,  19.  (^)  Lib.  z.  p.  62. 

(r)  S^L  1 3,  (f)  Aiith.  a.  z. 
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tion.  Participation,  and  Analogy,  and  confcqucntly 
challenge  the  Attributes  of  Quantity  only  feconda- 
rily  i  and  fince  the  (/)  Philofopher  teaches  us  well^ 
that  the  Reafon  of  fuch  Analogies  requires  that  the 
Things  which  are  primary  are  feparately  and  in 
the  firft  Place  to  be  defined  ;  hence  the  Reajbn  of 
Magnitudes   is  defervedly  firft  defined  and  fepa* 
rately  -,   and  nothing  hinders   but  the  Definition 
agreeing  to  it  may  be  transferred  analogically  to 
the  Reafons  of  other  Quantities.     And  indeed  what- 
foever  is  truly  attributed  to  the  Reafcns  of  Magni- 
tudes and  demonftrated  by  them,  that  agrees  ex-] 
aftly  to  the  Reafons  of  all  Quantums  -,  feeing  all 
Quantums,  as  they  have  their  own  abfolutc  Q^- 
tity,  fo  tliey  have  a  refpeftive  Quantity  alfo  con- 
fcquently  dependent  on  and  to  be  determined  by. 
Magnitude.     I  anfwer  thirdly^  that  the  Author  of 
the  fifth   Element  did  enough,  if  he  openly  pro- 
fcfled  only  to  expound  the  Nature  of  the  Reafoni 
cf  Magnitudes.     Since  (as  we  have  infinuatedj  he 
propoled  with  himfelf  to  treat  of  thefe  as  connned. 
to  Geometry.     This  is  ufual  with  the  Matters  of 
all  panictilar  Sciences  :  Grammarians  only  defcribe 
Moods   and  Tenfes,    as  fignificative  for  the  De- 
clenfions  of  Verbs :   Rhetoricians  Tropes  ajid  Fi- 
gures, not  as  they  agree  with  all  Things,  but  with 
"Words  and  Sentences  :  The  Moralift  defines  Vir- 
tues, not  as  the  Virtues  of  Horfes  and  Dogs  (which 
Plato  fo  often   predicates)  are   confiptehended   iri 
them,  but  fuch  as  relate  to  humari  Prafticief  only  : 
Muficians  explain  the  Propcriion's  and  Spaces  not 
of  all  Quantities,    but    of  Sounds :'  and    n&t  to' 
mention  more,  all  particular  Difciplines  are  wont 
to  aflume  this  Authority  to  themfelves ;  they  de- 
duce, adapt,  and  confine  the  $gnifications  they  ufe 
to  their  own  particular  Confiideration  ;  they  define' 

it)  Met.  m.  2.   VII.  4. 

Z  tf 


V 


35"      Maihemaikal  LeBurtu    Lect.  XVllL 

or  dcfcrib:  the  Terms  they  apply  cfpecklly  ftiidy- 
ing  Peripicuity,  and  as  much  as  ixu7l)e  Bie^tty, 
avoiding  being  compelled  by  anocher  dtber  to  te- 
peat  any  general  Doftrine  for  the  moft  Fkit  Icpft- 
rate  from  their  Purpoie»  or  to  omit  any  Explkatu 
which  may  conduce  for  underftandirfg  what  is  &kL 
But  if  this  be  not  lb  exaftly  agroeabJc  to  the  Lan^ 
of  Ramus^s  Logic,  yet  k  is  not  contrary  to  die 
Dictates  of  Reafonitlelf,  or  worthy  of  Blame  %  fx 
it  is  the  utmoft  Injury  to  good  Aiidiors  aixl  the 
Arts  themfelves  to  aA  by  die  utmoft  Stri6bie& 
from  diefe,  or  any  other  Lo^cal  PrefcritMs.    Bat 
it  is  one  Thing  to  reduce  the  Whole  of  Philolbpliy 
into  one  Body,  and  another  to  treat  ofparticakr 
Sciences ;  in  the  former  the  Order  of  Thii^  and 
an  elegant  Brevity,  in  die  latter  Cleamefs,  Faci- 
lity, Validity,  are  cfpecially  attended  to,  it  being 
always  of  Moment  to  accommodate  the  Dodrinc 
to  the  Capacity  of  the  Learner,     But  I  digrefs  too 
far.     Furthermore  it  may  be  anfwered  with  fome 
that  Magnitude  may    be  fo  taken   as   to    dcfign 
every  Quantity,  by  a  very  common  Catachrefis  of 
that  Word.     For  if  Number,  Weight,  and  Time 
be  often  faid  to  be  (Magva)  great,  why  may  not 
thefe  Tilings  as  far  as  they  are  Quantiries  be  called 
Magnitudes  •,  and  thus  the  Definition  in  the  Ele- 
ments may    be  extended  to  all   Quantities  ?    Bat 
enough   has  been   fiid  in   the  Defence  of  Euclid 
againft  the  Oppofitioa  of  Ramus.     I  proceed, 

TbmUy  to  note,  fince  even  heterogeneous  Magni- 
tudes may  fome  Way  be  compared  together,  or 
refpeft  one  another,  according  to  fomething,  viz. 
a  Line  may  refpedl  a  Superfice,  and  a  Superficc 
a  Body  as^far  as  a  Superfice  may  be  applied  to 
a  Line  as"To  its  Side,  and  a  Body  to  a  Superfice  as 
the  Bafis  on  which  it  ftands  ;  and  as  a  Line  is  the 
"Perimeter  of  a  Superfice,  and  a  Superfice  enclofcs  a 
Body,  alfo  a  Line  may  be  coextended  wirfi  a  Super- 
ficc 
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fice  as  to  one  Dimenfion,  a  Superfice  with  a  Body 
as  to  two,  and  fo  far  thofe  may  be  compared  with 
thcfe  :  Alfo  any  fort  of  Comparifon  may  be  many 
Ways  inftitvited  as  to  the  other  common  AfFeftions, 
between  fuch  Quantities  different  in  Kind  ;  front 
Vrhich  Comparilons  notwithftanding,  the  Refpedb 
rcfulting  are  very  different  from  this,  according  to 
which  homogeneous  Magnitudes  are  referred  to  one 
another  in  a  manner  which  is  here  underftood  to  be 
Refined  ;  therefore  for  excluding  thofe  whatfoevei^ 
Relations  there  may  be  between  heterogeneous  Mag^ 
nitudes^  Euclid  alTigns  the  proper  Terms  of  the  Re-, 
iation  defigned  by  it,  and  adequate  Subjcfts  of 
the  Reafon  circumfcribed  within  its  Limits,  by; 
the  Addition  of  {u)  Homogeneous.  Homogeneous 
families  alone  are  faid  to  have  Reafon^  becaufe 
they  alone  are  capable  of  Equality  and  Inequality, 
they  alone  admit  of  mutual  Excefs  and  Defedl:,  and 
have  the  Propenies  adjoined  to  them  fubjeft  to 
Geometrical  Speculations.  But  we  have  treated 
enough  of  this  before.  Nor  will  I  here  dwell 
much  upon  Ramus  blaming  us  with  no  fhew  of 
Reafon  :  nat  Reafon^  fays  he,  of  Equality  and 
Inequality  which  'EMcYxdi  propofes  to  define  is  common 
to  all  Things^  a  Line  may  be  compared  to  a  Super ^ 
fice  and  a  Body.  Thus  in  the  fourteenth  Element^ 
Bodies^  Superficies^ .  and  Lines  are  compared  together  i 
fo  alfo  Hippocratcs'j  Lunula  is  fquaredy  and  oblique 
lined  Angles  are  equal  to  re5lilineal  ones,  ffut  whd 
except  this  Cenfurer  (that  feems  to  catch  at  all 
Handles,  and  every  where  hunt  for  Gccafions  t6 
abufe  thofe  ancient  Matters  of  the  Sciences,  \^hom 
yet  it  were  jufl  not  to  reprehend  without  great 
Caufe,  and  only  where  they  manifeftly  are  in  the 
wrong  ;  it  would  become  us  that  are  indebted  to 
them  for  fuch  great  Inventions  to  afl:  niore*  mildly 

Z  X  witK 
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with  them ;)  I  fay  who,  except  tfa]iCeiifiiier»  Aoa^ 
that  fudi  Comparilim  of  Lanes  wtth  Saperfioci 
and  Bodies  as  are  hatidkd  in  the  founBemh  Ele- 
ment do  pettain  to  die  Nature  of  Ru^f  Whefl 
it  is  jnveftigated  how  the  Sides  of  a  raitagon  or 
TkciffXiy  of  a  Pyramid  or  Odoedroa  are  lb  af* 
kSoA  to  one  another,  or  towards  the  Radios  of  die 
Circle  or  Sphere  in  which  diefe  Figures  jokw  be  in- 
fcribed ;  who  ever  thoi;^  diat  mde  Rig^Lmes 
or  Sicks  of  the  Figures  are  compared  with  the 
Figures  themfelves  as  to  Reafim  f  I  believe  none 
are  fo  ignorant :    Yet  Ramus  means  fo,   or  he 
fneans  Nothing  to  the  Purpofe  \  at  kaft  as  fir  as 
I  can  perceive  he  can  undeffhuid  nothing  elie. 
Alfo  who  ever  thought,  that  the  Lunula  of  Ifyf^ 
crates  is  a  plane  Figure  terminated  hj  a  Square,  or 
heterogeneous  to  every  other  plane  Figure,  that  be- 
ing fuppofcd  ?  Why  could  he  not  by  a  like  Rea- 
fon  have  produced  a  more  obvious  Example  by 
comparing  a  Sphere  with  a  Cone  or  Cylinder,  u  e. 
a  Body  comprehended  in  one  round  Superfice,  vnth 
a  Body  contained  in  a  mixed  Superfice  ?    He  is 
unwilling  to  underftand  what  is  homogeneous  and  be- 
terogeneousj  at  kaft  what  Geometricians  continually 
Cgnify  by  thefe  Words ;  he  is  unwilling  to  diftin- 
guifti  Homogeneity  and  Heterogeneity  from  Simila- 
rity and  Diytmilarity.    But  I  pafs  from  hence  and 
note. 

Fourthly^  that  fince  even  homogeneous  Magm- 
tudesy  as  to  many  of  their  Accidents,  may  be  com- 
pared (fuppofe  as  to  fome  of  their  particular  Pro- 
perties, viz.  their  Simation,  local  Diftance,  or  di- 
verfe  Qualities  ;  I  add,  with  the  ancient  Scholiaft, 
alfo  as  to  Value  or  Price  ;)  ex.  gr.  two  Lines  as  to 
Reftitude  or  Curvity  may  be  to  one  another  Simi- 
larly or  Diftmilarhj  one  may  be  at  Hand,  the  other 
twenty  Furlongs  jdiftant,  one  may  be  White,  the 
other  Black  ^  yet  fince  none  of  theie  Relations  can 

be 
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be  fignified  here,  fetting  thefe  apart,  here  is  acj- 
joined   (x)   according  to   S^antity^    fignifying  the 
Foundation  of  this  Relation.     For  the  Foundation 
is    next   to  be  fubjoined  which    ultimately   com- 
pleats  its  formal  Reafon^  and  what  the  Logicians 
call  its  EJfential  Difference^  for  explaining  the  Na- 
ture of  the  Relations  after  the  Genus  is  expreffed, 
and  the  Terms  lawfully  conftituted.     According  to 
^antity^  i.  e.  according  to  the  Determination  of 
its  Magnitude,  or  the  determinate  Magnitude  itfelF, 
at   leaft  as  far  as  it  is  afked  how  great  Things 
arc,  and  the  Anfwer  is  mdjitfo  greats  by  which  he 
feems  to  fignify  nothing  but  the  Magnitude  itfdf, 
as  it  is  determined  in  itfclf  by  its  ovm  Singularity 
(\i  I   may   fo  fpeak,)  and  is  diftinguifhed   from 
other  Quantities.     Now   the    Caufe  by   which  a 
Magnitude,  or  rather  a  Tlnng  great  ("for  generally 
concrete  and  abftraft  Terms  are  confounded,)  is 
fuch  a  Way  referred  to  another,  is  conceived  to  be 
Nothing  but  abfolutely  the  having  fo  great  a  Mag-i 
nitude   in   itfelf,    as  univerfally  every  Relation  13 
founded  mfoniethnng  ahfolute.     Therefore  I  do  not 
well  approve  of  that  Expofition   of  Ibme,   that 
according  to  ^antity   means,    according    as  otc 
Thing   is  fo   many  fold  of  another,  or  accords 
ing  to  'Tantuplicity  -,  for  they  ftick  not  to  coin  fuch 
Words,  fignifying  I  do  not  know  what  by  them. 
For  befides  fuch  a  Definition   {exl  gr.  of  a  double 
Reafon  to  be  the  Relation  of  two  ^antities  accord* 
ing  to  Duplicity)  founds  not  well,  Tantuplicity  feems 
intrinfecally  to  contain  or  denote  a  certam  Rela« 
tion  -,   but  the  Foundations  of  Relations  are  not 
Relations,  but  are  Things  abfolute  becaufe  of,  or 
according  to  which  the  Terms  of  the  Relations  are 
referred  to  one  another.     I  fuppofe  it  would  bq 
wrong  to  fay.  This  is  funilar  to  that,  becaufe  it 
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is  fimilarly  afieded  \  but  ri^  faecaufe  k  b  hot 
or  white,  or  by  Retibn  of  the  abfoluce  Qmlidei 
Heat  and  Whiccnefs :  lb  aUb  this  is  fiud  to  be  eoinl 
to  that,  becaufe  of,  or  ajQpoidii^  to  die  abiblutt 
Ma^itude  of  each,  arid  becauleof  the  lame,  diis 
is  laid  to  be  fo  many  Times  idiat.     Nor  fiu-'die 
^e  Oufe  do  I  like  that  Interpretation  of  Cb- 
Hnus.  'Recording  to  ^aniitf^    i.  c.  accardif^  a$ 
pn^  is rr eater  than  another^  or  lejir^  or  eqkal.    Equa- 
lity, Majority,  and  Minorit]^  are  not  Tcrms^alib 
reJatiye,  nor  confeouently  fit  for  foimdii^^ 
pon.    Moreover  n^icn  Keafbu  is  defined, 
'Majority y  and  NBnofity  (as  bdng  com| 
tindfer  dieik*  Reafon  or  Geiius)  are  thenmlves  de- 
lined  in  Part  and  virtually.'    Eronr  wheiks  they 
(cem  not  to  be  well  placed  in  the  Definition  of 
Rcafori  itfclf.     Yet  I  do  not  diflike,  nay  I  think 
the  Obfervation  very  good,  which  is  made  by  the 
prcck  Scholiaft  who  think's  it  defignedly  put  ac- 
iording  to  S^antit\\  rather  than  according  to  ^uo- 
tH)\  recaufe  all  Reafom  are  not  capable  of  being 
fcxpreflcd  by  Number,  nor  is  every  Quantity  fo 
triany  Times  another  in  any  comprehenuble  Man- 
ner. •  According  to  him,  Euclid  would  not  found 
the  Keafon  of  Quantlims  in  their  ^otity  or  ^o- 
tuplicitVy    becaufe  every  Quantum  is  not  a  Quo- 
tum of  another,  i.  e.  it  does  not  contain,  nor  is 
contained  in,  another  fo  many  Times,  cither  pcr- 
fcftly  or  impcrfeflly  according  to  itfelf,  or  to  any 
6f  its  aliquot  Parts  ;   but  according  to   ^antity  \ 
becaufe  every  determinate  Quantum  has  a  Quantity 
in  itfelf  according  to  which  it  may  be  compared 
with  another  determinate  Quantum. 
*  *  Bat  it  is  objcfted  againft  this  Definition  fo  ex- 
plained that  it  equally  agrees  with  the  Relation  cf 
^antums  which  intimates  their  Difference.    For 
that  alio  is  truly  called  a  Relation  of  two  Quan- 
|uxns  of  the  ikn^  Kind  accordif^  to  ^antity.    I 
"  '  "•     anfwc^i 
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2Ln(wcTjirJl  that  when  it  is  here  faid  according  to 
Sluantityy  it  is  underftood  according  to  the  Quan- 
tity of  the  Terms  themfelves.     But  the  Relation  in^ 
timating  Difference  feems  not  to  be  founded  in  the 
Quantity  of  the  Terms  compared,  but  in  the  Quan-^ 
tity  of  fomc  third,  viz.  of  die  Excels,  or  of  the 
abfolute  Quantum  whereby  the  Antecedent  exceeds 
or  is  fhort  of  the  Confequent  -,  ex.  gr.  the  Relation 
between  10  and  8  feems  to  be  founded  in  the  Quan-^ 
tity  of  Two  and  not  in  the  Quantity  of  the  Num- 
bers  10  and  8.     For  that  Term  alone  (viz.  the 
Number  Two  reprefented^  fufficiently  indicates  and 
cxpreffes  that  Relation  -,  but  a  Geometrical  Reafou 
cannot  be  expreffed  but  by  two  Terms  expreffed, 
or  at  leaft  underftood.     This  that  moft  learned  Man 
acknowledges   in  his  Difpute  agamft  Meibomius. 
We  fay  indeed  (fays  he^  that  that  Difference  is  not 
an  Arithmetical  Reafon  properly  /peaking^  or  even  the 
Effence  of  that  Reafon^  hut   the  Foundation  of  that 
Relation  which  is  called  Arithfnetical  Reafon.     Bf 
which  Saying  he  folves  his  own  Exception  agamft 
Euclid's  Definition  explained  after   our   Manner. 
And  Ariftides  ^intilianus  feems  to  have  obferved 
this,    when  he  diftinguifties  the  Geometrical  and 
Arithmetical    Confiderations    of  Quantities    thus. 
Geometrical  Reafon  compares  two  unequal  ^an^ 
turns  J  i.  e.  the  Whole  and  the  Part^  according  to  their 
^antities  ;  but  Arithmetical  Reafon^  which  regards 
the  Differences  of  unequal  Terms^  conftders  the  Con- 
fequent  Term  and  the  Excefs  as  Parts  of  the  Ante-- 
cedent.     But  I  znfwtr  fecondly^  that  perhaps  Euclid 
with   others  of  the  Ancients  before  recited   were 
not  acquainted  with  the  Arithmetical  Relation  of 
Quantities,  at  leaft  thought  that  there  was  no  fuch 
Reafon  taken  notice  of  by   Geometricians.     For 
the  Confideration  of  that  Relation  feems  to  fuffice 
for  the  Dimenfions  of  Quantities,  and  other  De-» 
terminations  as  to  Sjpecies  and  Sitiiadon,  whichjgiie 
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the  principal  or  only  Scopes  of  a  OcQcnetridaiL 
"Nor  does  the  very  Yul^  hardly  obncem  auiy 
fidierRdarion  of  Quanqoes:  For  when  Men  com- 
.inonly  afk  how  much  this  or  that  is^  diey  oidy 
enquire  how  often  it  oontuns  ibmc  ftated  Meafine 
iunilarly  known  to  us,  or  |ia«r  often  it  is  oontainecl 
in  it,  i.  e.  they  fcek  a  QeemOrical  Reafou  to  thii 
Meafure  of  it.  I  adjpin  tUrHy  dnt  Rdalim  ac: 
fordiKg  to  Difference^  when  it  is  expneOed  ^  li 
^qrober  denominating  any  of  the  Terms  eoiDth 
paitd,  it  fcarce  difiers  in  reality  from  GeomaHai 
Keafon.  As  when  I  fay  B  exceeds  A  by  3  A,  itii 
all  one  as  if  I  faid  B  is  four  times  A,  or  is'referred 
toAas4toi.  Orifl  ihookl  by  B  esoeeds 
A  by  one  third  Part  of  B»  it  is  all  oneas  if  I  fiidi 
B  is  three  halfs  of  A,  cxristoAasjtos.  And 
perhaps  they  have  an  Eye  to  this,  who  fay  that  (y) 
Reafon  confifts  in  the  Difference  of  two  ^antities 
{Compared  with  either  ^antity  ;  which  way  of 
ipeaking  notwithftanding  is  very  difficult  and  ob- 
Kurc  in  iifelf,  and  produftive  pf  moft  grievous 
Errors ;  as  may  be  feen  from  the  Difputation  df 
that  learned  Man  againft  Hohhs  and  Meibo- 
fni$s  ;  whofe  Methods  therefore  of  explaining  Rea- 
ibris  I  neither  approve  nor  defend.  However,  I 
fay,  the  Relation  of  ^fantities  a\  to  'Difference^  if 
at  any  Time  it  is  confidered  by  Geometricians  for 
determining  the  Meafures  of  Quantities,  it  for  the; 
moft  part  intimates  die  fame  with  Geometrical  Rea- 
fon^ as  applied  by  them.  Wherefore  Euclid  ne- 
gleftcd  it,  either  as  ufelefs,  or  np  way  different 
from  Geometrical  Reafon. 

But  I  proceed  to  obfervc  fifthly^  that  the  (z) 
Words  to  one  another  in  the  Definition  are  conunon- 
\j  interpreted  to  fignjfy  a  certain  Reciprocation, 

/»  Hobh«ae  Corp.  v^  11.  $.  3, 5.  c.  }z,  f.  8.  c  13.  f.  i^ 
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and  alternate  Permutation  of  this  Relation,  by 
fuch  a  Tranfpofition  of  the  Terms,  that  feme-f 
times  the  Antecedent  may  be  the  Confequent,  and 
the  Confequent  the  Antecedent;  which  Interpreta- 
tion I  do  not  think  to  be  good,  as  making  the  De« 
finition  itfelf  abfurd.  For  if  the  Comparifon  be 
inverted  or  changed  by  the  Tranfpofition  of  the 
Terms,  there  will  arife  two  Relations  very  diffe- 
rent from  one  another.  As  ex.  gr.  the  Relation  of 
a  Line  of  three  Feet  to  a  Line  of  one  Foot  is  the 
Kejation  of  three  to  one,  or  a  triple  Reaibn ;  but 
inverfely,  the  Relation  of  a  Line  of  one  Foot  to  a 
Line  of  three  Feet  is  the  Relation  of  one  to  three, 
or  a  fubtriple  Reafon  ;  one  of  the  Numbers  deno- 
minating  which  Reafons  is  nine  times  the  other. 
i=\x^.  Therefore  I  rather  chufe  to  interpret 
Uo  one  another^  to  mean  One  to  the  other.  For 
without  doubt  he  aimed  to  define,  or  certainly 
ought  to  define,  one  fimple  Reafon  of  one  Magni- 
tude to  another,  not  two  inverted  Reafons  to  one 
another.  But  becaufe  it  is  no  Matter  in  this  Com- 
parifon whether  Magnitude  fupply  the  Place  of  the 
Antecedent,  or  whether  of  the  Confequent  {jkxzi- 
much  as  every  Magnitude  indifferently  obtains  Ibme 
Reafon  to  every  other  homogeneous  Magnitude,) 
therefore  he  put  to  one  another  to  fignify  an  Indiffb* 
rcnce,  as  to  the  Situation  and  Order  of  tne  Terms. 
if  any  two  homogeneous  Magnitudes  were  com- 
pared together  as  to  Quantity,  whatfoever  Ante- 
cedent be  fuppofed  its  Relation  to  the  other  is 
called  Reafon.  Nor  does  the  Word  ihXfiKov  even 
taken  in  the  utmoft  Rigour  of  its  Original  No- 
tion refiife  but  rather  favour  this  Interpretation,  as 
fignifying  «?aao  ^  ^aaa,  i.  e.  One  or  another  dif- 
^unAively  \  and  not  dfAAo  ^  aAAo,  i.  e.  One  afuf 
another  conjundly.  Bot  J  forbea^r  to  criticife  any 
^ong;er. 
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There  itimins  in  tbt  Sixth  Place  onlv  the  Wocd 
(a)  Certainxo  beemnmed, «  ewUim  (i) HaUtudc, 
Which  Interpretation  a  catwn  gpcatMachemaiidtti 
of  our  own  Countrv  diflikes  fiifpeftif^  I  know  not 
what  abftrufe  Myikry  to  lie  hia  under  the  Adjcc- ' 
tive  iroM.  For  artmrn  (c).  he  wouki  latfaer  luve 
fubftituted  quatiiative^  i.  e.  as  himfelf 'aqdain, 
id)  which  hdof^s  to  the  Fr^mmA  ff^mfy^  be- 
cauie  i^j/^  detennines  the  pieties  ^  QuiditTof 
Figures  with  the  Inidicadon  or  Skuatkm  of  mdr 
Parts,  But  he  itjcfts  the  vulgylntapretarion^becia^ 
the  Word  itmoV  always  cuSomarily  iefpe£b  ^Mfi(F» 
;ior  does  it  here  fomuch  indmate  a  ceruim  as  a  ^^ 
tfiin  Species^  or  radier  a  qiiaUsstive  JBUitoMfr,  wUdi 
belong)  to  the  Predkament  of  Quality. .  To  whkh 
he  fu^ins^  And  indeed  im  an  mcamUe  Defimtm 
it  is  by  no  means  excufahle^  for  Reafon  to  he  indefi- 
nitely  defined  a  certain  Reafon^  but  it  is  to  be  deter- 
mined what  fort  of  a  Relation  it  is.  Farthermore 
fincc  it  might  be  anfwered  that  the  Relation  is  fuffi- 
cient}y  determined  from  what  goes  along  with  it, 
efpecially  from  the  adjoined  Condition  according  to 
Quantity  ;  he  denies  that  this  is  fufBcient,  becaufe 
there  is  another  Reladon  juftly  belonging  to  Quan- 
tity, viz.  the  jTo  often  mentioned  Relation  nccording 
to  Difference^  which  yet  as  he  thinks  is  not  wwd 
oA^ii  a  qualitative  Habitude.  But  I  can't  nocwith- 
Kanding  be  eafily  brought  to  believe  that  this  fub- 
tie  Expofuiou  is  agreeable  to  the  Sentiiaent  of 
Euclid  himfelf.  For  firft  it  is  fomething  hard  for 
^roioV  to  fignifie  belonging  to  ^ality^  or  rather 
effeSlive  or  determinative  of  ^ality^  according  to 
the  Sentiment  of  that  moft  learned  Man  himfelf. 
Indeed  with  Ariftotle  and  others  now  is  every 
where  of  the  lanie  Signification  with  fome  Sort  or 

{a)  TlM.  (h)  HfiJl  ^i%. 

\c)  Arith.  c.  25.  contra  Meib.  7.        (d)  "fMvtm^'  p*  6q^ 

cndo^gtd 
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endowed  with  fome  fort  of  Quantity,  (as  that  which 
is  affcfted  with  any  fort  of  Habit,  Power,  or  Paf- 
fion  is  by  him  denominated  ttoioV  tk)  but  no  where, 
I  believe,  with  ^ialificative  which  had  been  better 
denoted    by  Troicartx^  and   more  agreeable  to   his 
own  Expolition   than   ^alitative:  for  'TcokS^  fig- 
nifies  to  make  or  render  fucb.     Therefore  he   has 
attributed  to  our  Author  a  Manner  of  Speech  luf- 
ficiently  improper,    unufual,    obfcure,  and  confe- 
quently  incongruous  to  the  Laws  and  Nature  of 
pefinitions.     I   add  that  it  feems  fufficiently  re- 
mote from  the  intrinfecal  Nature  of  Reafon^  and 
only  accidental  to  it,  that  it  fometimes  conduces 
to  determining  the  Species  and  Quality    of  Fi- 
gures.    It  is  not  confidered  in  Figures  only,  but 
often  without  them,  nor  is  it  otherwife  fubfervient 
for  their  Determination  than  by  firft  determining 
the  Quantities  of  certain  Magnitudes,  viz.  of  the 
Lines  or  Superficie55  by  which  they  are  included. 
It  does  not  then  feem  likely  that  our  Author  here 
regarded  Definitions,  fince  Definitions  ought  only 
to  contain  fuch  Attributes  of  Notions  as  are  necef- 
lary,  univerfal  and'primary.     And  as  to  the  Pre- 
dicament of  Reafon^  it  pertains  fimply  to  Relation  -, 
but,  becaufe  of  the    Comparifon   of  the  Terms 
which    are  always  Quantities,    may  refpeftively 
be  reduced  to  Quantity,  and  rather  becaufe  of  its 
own  Foundation,  which  is  fome  abfolute  Quantity, 
as  is  faid  above.     It  is  vulgarly  reckoned  among 
the  Properties  of  Quantity  that  by  it  Things  are 
faid  to  be  equal  and  unequal,  i.  e.  one  is  equal, 
double,  triple,  &c.  of  another,  or   affefted  with 
fuch  a  Reafon  towards  another.     Therefore  Reafon 
is  rather  a   ^antitivi  Habitude^  as  Similitude  is 
wont  to  be  called  a  Relation  in  Quality  or  ^ialita* 
tive  Relation^  becaufe  it  is  founded  in  fome  Quar 
Jity.     But  if  I  am  not  iniftaken  it  would  found 
ill  to  mcft  £ar$  JD  be  called  a  ^alitfitive  Rela^ 

tion 
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tion  according  to  Sigati^  ^lenfbre  Ar«MiMmr  is 
better  than  ^alitatioi.    Moreover  mere  are  n- 
numcrahle  Examples  |unoDg  die  ancienc  lylidie^ 
madcians  that  the  woixl  mm  does  not  fhmt  de- 
fign  a  Quality  prq>erly  ib  calkd«  cren  in  Defini- 
doiiS)  as  IS  pretended,  but  ofimr  a  mere  Pjitin- 
Utrity^  i.  e.  an  indefinite  Rcftriftion  of  a  geacnl 
Word ;  the  (ame  Way,  as  when  Man  is  defintd 
a  certain  JmrnalondowedmibReafm^  where  cirtm 
only  intimates  that  the  Name  Man  is  ooctiained  un- 
der the  Name  Ammd  confiitedly  and  indiftmftlvi 
afligning  no  ceroun  limicst  and  is  not  perfb£uy 
adequate,  to  it.    Thus  <<)  Tbnm  defines  JM^ 
to  be  trui  j^ir  a  certam  BMiuii  of  RtmAm  to 
one  anaber ;  and  not  as  I  fii^pofe,  a  fiMAMfiir 
Habitude^   for  ^diat  SlgaUty  mtervenes    in   Att 
Place?  Arijlides(f)^intilianus  defines  the  Genus 
of  Muftc  to  be  voiii  ikou^i^n  a  certain  (not  a  ^j- 
litative)  Divifton  of  a  four  ftringed  Infirument : 
For  a  four  ftringea  Infirument  may  be  innumerable 
Ways  divided,  yet  all  thefe  Kinds  of  Divifions  do 
not  conftitute  the  Genus  of  Mufic,  but  fome  cer- 
tain only  *»  viz.  one  Kind  is  Diatonic^  another  Cbro- 
matic^  a  third  Enharmonic.     To  which  agrees  Eu- 
€lid^  the  Genus^  fays  he,  is  woii  JiflMjwif,  i.  e.  a 
certain  Divifton  of  four  Sounds.     And   ihe  lame 
Jrifiidesj  It  is  from  Sounds  and  Spaces  having  mw 
ta|iv  a  certain  (not  a  qualitative)  Order.     Nicoma- 
€bus  in  his  Enchiridion  defines  a  mufical  Space  or 
Difference  to  be  iiof  wradv  a  certain  Paffage  from 
Flat  to  Sharps  or  the  contrary.     And  men  is  the 
Definition  of  Thrafillus.    A  Space  or  Difference 
is  a  certain  Habitude  of  SoUnas  to  one  another : 
Where  it  is  to  be  noted  that  the  Arithmetical  Reafon, 
or  Difference  which  is  between  two  harmonical  Sounds 
is  ]precifely  called  ^oi«  ^i^ii  a  certain  Hapitude : 
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which  the  learned  Man  acknowledges  to  be  only 
a  ^antitative  Relation^  and  reckons  that  a  Geth 
metrical  Reafon  in  Contra-Diftinftion  to  it  is  termed 
^oi»  Wk,  i.  e.  a  qualitative  Relation.  But  be- 
caufe  luch  indefinite  Words  are  thought  not  fit  to 
be  fuffered  in  accurate  Definitions,  we  muft  affirm 
that  however  the  beft  Authors  have  admitted  liich. 
And  befides  thofe  juft  now  appealed  to,  I  will  cite 
Euclid  for  one,  who  in  his  Ifagogetbarmonics  inferts 
the  Word  tU  in  the  two  next  contiguous  Definitions, 
A  Toncy  fays  he,  is  ibV^  ti?  a  certain  Place  of  the  Voice 
capable  of  Con]un£lion  with  another  j  without  Latitude. 
And  again  Mutation  is  the  Tranjlation  ofMls  nvoV  of 
feme  like  into  an  unlike  Place.  He  refilled  not,  nor 
indeed  in  my  Opinion  ought  he  to  refiife,  fuch 
Words.  For  in  every  Predication  of  a  more  ex- 
tenfive  Word  concerning  a  narrower,  or  of  a  more 
general  Word  concerning  a  more  fpecial,  if  fome 
Reftriftion  be  not  exprefled,  at  leaft  it  is  tacitly 
underftood.  As  when  it  is  laid  a  Man  is  an  Ani^ 
malj  it  is  underftood  a  certain  Animal^  and  that 
which  is  underftood  in  the  diredt  Propofition  is 
cxprefly  pronounced  in  the  converfe  a  certain  Ani- 
mal is  Man.  But  that  which  is  always  underftood 
can  never  be  exprefled  without  Blame,  wlierefbre 
I  fee  not  why  fuch  Definitions  as  thefe  ought  to  be 
difliked,  A  Man  is  a  certain  Animal  endowed  with 
Reafon  •,  A  Triangle  is  a  certain  plane  Figure  com- 
frebended  within  three  Right  Lines  •,  Reafon  is  a 
certain  Relation  of  homogeneous  ^antums  according 
to  ^antity.  But  he  thinks  that  this  laft  Definition 
vulgarly  taken  agrees  as  well  with  Arithmetical  Rea- 
fbnj  from  which  notwithftanding  it  ought  to  be  dif- 
tinguiflied :  to  which  it  was  anfwered  by  Way  of 
Anticipation,  when  we  endeavoured  to  explain 
what  is  meant  by  being  referred  according  to  ^an- 
tity. 

I  wiU 
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I  will  only  now  add,,  that  perlLips   in  dcJivcr* 
ing  this  Dcfiijiition   Euclid  defi^ncd  nothing   clfe 
biit  a  Prelude  for  Method  or  Ornament's  lake  to 
thole   more  accurate   Definitions   of   the  famt^    g 
GreaUr^  and  a  L<^  Res/on^  anon  to  be  fubjoincd, 
that  he  might  infinuatc  a  cemin  general   Idea  of 
Reajbn   into  the   Minds  of  the   Learners   by  this 
Mdapbyfual  Definition  :  1  fay  AUtapbyfic^^  for  it 
is  not  properly  AfaibemaHcaly  fincc  it  has  no  De- 
pendence uTOn  it^  nor  is,  or  I  liclieve  can  be^  de- 
duced  in  the  Mathematics,     Of   which    foit  aUb 
may  this  Definidon  of  Analogy  be  reckoned.     Am* 
kgy  u  a  Similitude  of  Reafms^   which  can  be  ku 
Viccable  for  no  Mathematical  ufc,  nor  1  think  is 
propofcd  for  any  other  End,  but  that  by   it  fomc 
general  confoled  Notion  of  Anakgy   may  be  in- 
ftilJed    into    the   Minds  of   Learners.     Jlnd   the 
uliole  Drii'^rinc  of  Reafons,  the  whole  Bi^Hnrrs  ot' 
Mathematics  depends  upon  the  accurate  Mathema- 
tical Definitions  afterwards  fubjoined  by  him  j  to' 
tliofe  therefore  we  ought  efpecially  to  attend,  by 
thefe  the  Doilrine  of  Rcafons  is  perfeftly  explained » 
and  thelc  and  the  like  cannot  at  all  be  omitted  with- 
out a  remarkable  Detriment  to  the  Mathematics:  as 
we  may  fee  in  the  feventh  Element,  where  the  Ana-^ 
togy  of  Numbers  is  defined  and  treated  of;  yet  with- 
out applying  any  Definition  of  Reafon  agreeable  to 
Number^  though  fuch  a  Definition  was  as  requifite 
and  ufefiil  there,  as  here  •,  but  the  Neceffity  in  nei- 
ther Place  was  great.     Albeit  I  do  not  believe  that 
a  Thing  in  itfelf  fo  general  and  abltraft,  and  there- 
fore more  difficult  to  be  conceived  and  explained, 
is  capable  of  a  more  commodious  Definition  than 
this  which  Euclid  has  affigned,  which  I  therefore 
thought  fit  to  explain   more   fully,  and  vindicate 
againft  the  Cavils  of  Oppofers.     Where  I  now  fix 
my  Foot,  defigning  in  my  next  Lefture  to  proceed 
to  the  Species,    and  more  efpecial  Properties  of 
Reafon.  LECT. 
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LECTURE    XIX. 

Of  the  species  and  Differences  of  Geometrical 
Reafon. 

WE  have  in  Part  delineated  the  Nature  of 
Geometrical  Reafon  by  explaining  and  vindi- 
cating  its    Definition  afligned  in    the   Elements. 
Which  might  have  been  otherwife   declared    by 
faying   more   generally  and  confiifedly,   but  per- 
haps more  agreeable  to  a  common  Capacity,  that 
Reafon  is  the  determinate  Way  or  Manner  whereby 
any  one  ^antity  contains^   or  is  contained  in,  an-- 
other,    which  is  the  fame,    or  very  like  to  that 
Way  or  Manner  according  to  which  one  Quan- 
tity  is  faid  to  be  y&  many  Fold  of  another,  or  to 
contain  another  fo  often,  or  to  be  fuch  a  Part  or 
Jh  matr^  Parts  of  another,  or  to  be  contained  fo  often 
in  another :  which  Manner  is  eafily  comprehended, 
when  the  Quantities  compared  can  be  exprefled  in 
Numbers  •,  as  the  Manner,  whereby  a  Pound  ^roy 
contains  an  Ounce,  fignifies  no  more  than  that  the 
former  contains  the  latter  twelve  Times,  or  is  to  it 
as  12  to  I  ;    whence  a  Pound  is  faid  to  obtain  a 
Duodecuple   Reafon  to  an  Ounce:    The  Manner 
whereby  a  Foot  in  Length  is  contained  in  a  Geo- 
metrical Pace  is  that  the  former  is  the  fifth  Part 
of  the  latter,  or  is  to  it  as  i  to  5,  which  is  figni- 
ficd  by  faying,  that  the  Reafon  of  a  Foot  to  a  Pace 
is  fuhquintuple :  Which  Manner  is  expreffed  by  the 
abftraft  Word   ^intuplicity  or  ^intuplity.     But 
when  the  Quantities  compared,   as  to  their  abfo- 
lute  Quantity,  arc  fuch  as  cannot  be  pcrfeftly  ex- 
6  prcffcd. 
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prcGcd,  at  leaft  they  may  be  underftocxl  in  Num- 
bers ;  becaufe  that  contains,  or  is  contained  in 
this,  after  fome  determinate  Manner^  otherwifc 
than  it  contaim,  or  iscontaiaed  in,  any  other  Thing 
unequal  to  this  ;  therefore  this  ^f^ay  or  Manner  ^ 
cmtaimng  is  very  like  that»  whereby  the  Qmnn- 
ties  denominated  by  Numbers  refpedively  do  coa« 
tain,  or  are  contained  in,  one  another*  and  may 
always  be  nearly  exprefTcd  in  Numben  fimply, 
and  on  the  Part  of  the  Thing.  As  ex.  gr.  when 
the  Reafon  of  the  Perifbiry  of  a  Circle  to  its  /)m- 
ffteter  (though  not  exaftly  and  perfc<5Uy  known)  is 
reprcfentcd  by  faying  that  the  Perip&ery  by  A^ 
fnion  is  triple  and  fefqmfeplimaU  u  e.  contains  the  ^ 
Dtdmeter  three  times  and  one  fevcnth  Part  of  ic 
nearly.  So  alfo  the  Reafm  of  the  Diameter  to  the 
Side  of  a  Square^  which  the  Nature  of  the  Thing 
will  not  admit  to  be  prccifely  exprcffcd  in  Num- 
bers may  yet  be  reprelentcd  approaching  the  Truth, 
by  laying  that  the  Diameter  is  to  Ac  Side  as  1.4  ta 
i,  or  more  nearly  as  1.4 1  to  i,  or  yet  again  more 
nearly  as  1.416  to  i,  ijc. 

But  we  will  endeavour  farther  to  illoftrate  the 
Nature  of  Reafon^  by  exhibiting  Jirft  its  Species 
and  Differences  •,  for  the  Comprehenfion  of  the 
fuhie£lei  Species  conduces  very  much  to  a  per- 
fcfter  Knowledge  of  the  Genera  or  Ktnds^  the  Ge- 
nera themfelvcs  being  conftituted  and  as  it  were  ge- 
nerated from  the  Argument  of  thefe  as  to  fome  ef- 
iential  Property  :  then  fecondlyj  by  exhibiting  cer- 
tain primary  Accidents  of  Reafons  ("expounding  their' 
Comparifons  to  one  another,  Compofiiion^  Continua- 
tionj  Addition^  Subtra^ion^  Divi/ton  and  ReduSion) 
alfo  in  the  mean  Time  examining,  by  the  Way, 
fome  controverted  Qucftions,  which  do  not  a  litdc 
contribute  to  the  Illuftration  of  this  Subjedt. 

As  to  what  pertains  to  the  Species  of  Reafon^  its* 
firfi  Divifion  moft  naturally  follows  the  different 

Affeftion 
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AfFeftion  of  the  Terms  in  this  Majiner :  the  Ante^ 
cedent  of  the  Reafon  is  either  greater  than  the  Con^ 
fequent^  Equal  to  it,  or  Lejfer  than  it,  hence  arife 
three  Species  of  Reafon :  The  Reafon  of  Greater 
Quantity  to  a  Lejfer^  of  an  Equal  to  an  Equals 
anS  of  a  L^^r  to  a  Greater ;  commonly  called  a 
Reafon  of  greater  Inequality^  of  Equality ^  and  of 
leffer  Inequality  \  but  they  may  be  more  fimply 
and  concifely  named  Majority,  Equality  and  Afi- 
nority,  and  by  thefe  Names  for  brevity*s  fake  we 
will  always  defign  them.  But  fome  ftile  Majority 
and  Minorityy  the  iLeafon  of  Excefs  and  DefeSty 
which  Words  alfo  we  will  perhaps  fometimes  ufe. 
And  that  double  Dichotomy  according  to  {a)  Nicho- 
machus  comes  to  the  lame  Thing,  when  Keafon  is 
firft  divided  into  Reafon  of  Equality  and  Inequality  \ 
and  Reafon  of  Inequality  again  fubdivided  into 
Reafon  of  greater  ^lvA  Reafon  of  leffer  Inequality^ 
The  Thing  is  too  plain  of  itfelf  to  be  illiritrated 
by  Examples-,  yet  we  will  give  one  :  Forlnftance, 
the  Reafon  of  a  Pound  Troy  to  an  Ounce  ("or  of 
the  Number  12  to  i)  is  a  Majority,  or  a  Reafon  of 
greater  Inequality,  or  a  Reafon  of  Excefs,  becaute 
the  Antecedent  is  greater  than  the  Confequent.  The 
Reafon  of  a  Quarter  of  a  Pound  Troy  to  three 
Ounces  is  a  Reafon  of  Equality,  becaufe  the  Ante* 
cedent  is  equal  to  the  Confequent :  But  the  Reafon 
of  an  Ounce  to  a  Pound  is  a  Minority,  or  a  Reafon 
of  leffer  Inequality,  or  a  Reafon  of  DefeSt,  becaufe 
the  Antecedent  is  leffer  than  the  Confequent.  Thefe 
by  the  (b)  Greeks  are  fometimes  called  greater^ 
equal  and  leffer  Reafons,  but  improperly  ;  for  thefe 
Words  do  more  frequently  and  properly  defign  the 
Rcfpefts  of  the  Reafons  themfclves  compared  toge- 
ther, and  net  the  Species  oi  particular  Reafons  ablb- 
lutely  taken.     For  inftancc,  in  comparing  the  Rea^- 

M  Ntogu^  1^1 1 .  p.  H'  (h)  T^^^  Ssf^yt.  cap.  22. 
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L-u  IxjvfLn.rt'L^^iC^'.     For  bccsofe 
7  r-T^'  nr^^rL  rcgmr'  arc  .-TioBrx- 

Q^Tnr  i.'LLi  :rc;  :r  :T-^r.  i-*i  c jrjVrxTsdy  of 
"riLnz  iii^-i-m.^  ixrrtCl  _-  Ni-zriicr? ;  whik 
cccrs  ITT  V -r^-7  I-.'.' ;.  :  /  ITT  mcTJUTibk by 
3i:  rJCTJ-^rr  ^i±I-«.-^-  ::ivi  nr  P:r:  iix»x  so  the 

h:  ocrirri  :r  Tt~i:-T  rtr^r^rrid  bv  jitt  Num* 
hr  .  "Hr-*::  i^>^  t^f  Djtzml-  ct  Firs  rr  b£0  ^ 
-"4:-*-^  mi  .'».  -^■-/.     V.  .-jITc  notwiiitiniiKg  ir  is  to 

wr^j:;  £  LTt  vjTT  c?=^.  ui>i  in  ck  Ekmoas.  For 
wtir.  -^i.-:j  rcrJiicr^-:  rrvir,  ar.y  Right  Line  bc- 
fc«  csT^rcrxiri  whi.:}:  h;  calls  rj^iAif,  as  being 
dcrc-=ur^bj-  cr  cr^blr  by  any  NunAcr  at  Plcafiirc,; 
lie  Lrics  ctxnpair*i  witii  ir  are  of  three  Kinds,  ttr. 
fene  srt  C:-^*VKirrj?j/  widi  it  in  Length,  ocbos 
are  h^>mmr%fiLrtthU  in  Length,  ytt  lb  tint  thdr 
Sy.iira  arr  con-jTiCniuribic,  and  capable  of  beii^ 
'    IM  by  Nisnbp  moft  peitibftly  cachihidr^ 
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I  dicir  true  Reafons  to  the  Square  of  the  Line  ex- 
I  pounded :  Laftly,  moft  others  are  not  only  Incom-- 
I  menfurable  to  the  Line  expounded  in  Length,  but 
I  alfo  in  Power,  L  e.  their  Squares  are  alfo  Incom* 
I  Menfurable  to  the  Square  of  the  Line  expounded :  I 
lay,  when  Euclid  confidered  thb,  he  named  the 
Lines  of  the  two  former  Kinds  Effahle^  as  capable 
of  being  fome  Way  expreffed  ;  but  the  laft  Kind 
lie  called  Irrational  or  Ineffable^  as  being  no  Way 
explicable,  or  capable  of  being  expreffed,  byNum-^ 
bers.  Therefore  according  to  Euclid  fome  Incom^ 
menfurable  ^antities  feem  to  have  an  Effable 
JResJin  to  one  another  ("for  if  the  Quantities  them- 
Icdives  are  faid  to  be  effable^  confequendy  their  Rea- 
fon  will  be  effable)  I  fay  Quantities  incapable  of 
Commenfurability  in  Length,  Breadth  or  Thicknefe 
may  have  an  Effable  Reafon  \  for  albeit  their  Rea-^ 
fm  cannot  be  immediately  reprefented  by  any  com* 
mon  Numbers,  yet  it  may  in  Part  be  fo  mediately^ 
wz.  by  the  Intervention  of  their  Squares,  when 
diefe  are  truly  denominated  and  exprefled  in  Num- 
bers. For  from  thence  they  may  be  called  the 
Sides  or  Square  Roots  of  fuch  Numbers  ;  at  leaft 
fuch  an  Exprcffion  fuffices  for  determining  their 
relative  Quantity,  and  caufing  that  the  Quantities 
jdiemfehres  may  be  both  in  fome  Meafure  fubjefted 
to  our  Eftimation  and  eafily  capable  of  real  Re- 
prcfentation.  But  with  fome  it  feems  moft  agree- 
able to  Reafon  to  have  the  Reafons  of  Incommen" 
Arable  ^antities  called  Ineffable  \  becaufe  the 
Terms  of  fuch  Reafons  cannot  properly  and  imme- 
diatdy  be  exprefled  in  Numbers  vulgarly  known 
and  received,  and  therefore  we  will  retain  this 
Senfe  ;  thou^  the  moft  learned  Borellus  (perhaps 
for  avcnding  Ambiguity^  chufes  to  divide  Propor-- 
tion  into  Commenfurable  and  Non-menfurabUy  de- 
viling new  Words,  and  fuch  as  in  my  Judgment 
Ve  HOC  wry  fuiablc#     For  the  Proportions  of  in- 
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cmnminfurabk  ^mtUies  are  menfurahU^  as  well  as 
the  Prop^rlwns  of  amimenfurabk  ^antiiies :  and 
H  my  Opinion  he  had  fpokc  more  accurate!?  if 
he  had  faid  PropQrtim  is  eitlier  of  Commenfur^i 
^antities  or  IncommeftfurnUe  ^ianHHes,  Bii£  of 
thefe  Things  by  the  by^  let  iis  return  to  die  pro- 
pofcd  Species  ^f  Rfafom. 

An  kffahk  or  Expikahk  Reafm  is  tliat  which 
may  be  really  cxprcficd  in  common  Numbers,  i.t 
in  Integtrs,  mixed  Numbers  and  Frad:iom  \  or 
rather  always  in  Integers,  becaufe  every  Reiif^m  tf 
Numbers  however  Traded  or  campofed  of  loccgcn 
and  Fniftions  may  be  always  redticed  to  Integpn 
by  multiplying  by  the  Denominators  of  the  Fric- 
tions, Examples  may  be  taken  from  all  Mca- 
fures  of  the  fame  Kind^  fuch  as  a  Finger*s  Breadtb, 
a  Span,  a  Palm,  a  Foot,  a  Cubit,  a  Yard,  an 
Ell,  a  Pace,  a  Furlong,  a  Mile,  a  League  for 
meafuring  Intervals  of  Longimde  ;  a  Grain,  a 
Dram,  an  Ounce,  a  Pound  for  eftimating Weights; 
a  Farthing,  a  Penny,  a  Shilling,  a  Crown,  a  Mark, 
a  Pound  for  computing  Money  ;  a  Minute,  an 
Hour,  a  civil  Day,  Month,  Year;  I  fay,  civD, 
becaufe  it  cannot  be  known  whether  thefe  natural 
Parts  of  Time  are  commenfurable  or  no.  Theft 
Quantities  and  the  like  have  their  Reafons  to  one 
another  Effahle  or  Explicable^  and  are  therefore 
fuited  to  vulgar  Ufes.  For  Inftance  the  Reafon  of 
a  Mark  to  a  Pound  is  Effahle^  becaufe  they  are 
cxprefled  by  the  Numbers  f  and  i  or  2  and  3,  or 
any  other  Number  which  are  fefquiaher  to  one  an- 
other. So  alfo  the  Reafon  of  a  Shilling  to  an  half 
Crown  is  exprefTed  by  the  Numbers  ^  and  i  or  \ 
and  2  f ,  or  2  and  5  ;  which  Reafon  is  (aid  to  be, 
fub'tnultiple'double-fffquialter^  as  we  will  fhew  anon. 

An  Ineffable<ov  Inexplicable  (or  as  fomc  call  it 
Irrational)  Reafon  is  that  which  is  between  Incw- 
menfurabU  ^antities^   whofe  Reafon   cannot  be 
•  .^  ^--     •  pcricaiy  , 
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perfecUy  exprefled  by  any  true  and  vulgar  Num- 
bers whatfoever.     Such  is  die  Reafon  in  that  moft 
trite  Example  of  the  Diameter  to  the  Side  of  a 
Square  ;  for  no  two  Numbers  can  be  found  in  the 
whole  Series  of  poflible  Numbers  (integral,  frafted, 
T)r    mixed)  whofe  Reafon   does  exadtly    reprefent 
the  Reafon   between    thefe  two  Quantities.     For 
fince  the  Square  of  the  Diameter  (as  is  demon- 
ftrated  in  the  Elements)  is  twice  the  Square  of  the 
Side,  and  there  are  no  two  Sauare  Numbers  the 
one  double  the  other,  in  the  whole  Series  of  com- 
mon Numbers,   therefore  there  are  no  Numbers 
which  can  exhibit  the  Reafon  of  the  Diameter  of  a 
Square  to  its  Sides.     And  innumerable  fuch  Rea- 
fins  are  found  in  all  Kinds  of  Quantities,  fo  that 
comparing  together  regular  Figures,  as  well  plane 
as  folid,  infcribed  or  circumfcribed,    in  the  fame 
Circle  or  Sphere  •,  fcarce  any  will  be  found  to  have 
a  Reafon  to  one  anodier  explicable  in  Numbers,  ei- 
ther as  to  their  Sides  or  Perimeters,  or  as  to  their 
Areas,  or  as  to  their  Solidities.     Whence  that  the 
Reafons  of  thefe  and  moft  other  Quantities  may  be 
Ibme  Way  referred  to  Numbers  (as  being  the  moft 
general,  moft  known,  and  moft  commodious  Sym- 
bols of  Quantities^  it  was  neceffary  to  devife  thofe 
Numbers  called  Surds  or  Irrationals^  that  the  Rea^ 
fens  of  thefe  Quantities  may  be  fome  Way  exprefled. 
And  of  thefe  ineffable  Reafons  there  are  reckoned  no 
Species^  becaufe  the  different  Ways  whereby  their 
Terms  contain,  or  relpeft,  one  another,  cannot  be 
well  conceived  ro  be  diftinguiflied,  and  no  Me-^ 
thqd  is  yet  invented  for  exprefling  them  otherwife  j 
But  I  will  endeavour  to  reckon  up  the  &peci€S  of 
the  Reafons  commonly  called  Effable^  and  explain 
them  ai  briefly  as  I  can.     For  why  Ihould  I  dwell 
upon  Things  fufficiently  clear  of  themfelves  ?  It  ig 
rather  my  Defign  to  offer  thofe  Things  to  your 
Confideration,  which  feem  lels  common  and  mors 
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intricate,  every  where  pafTuig  lightly  over  fucM 
Things  as  are  obvious  and  plain.  C 

Nothing,  in  the  firf  Place,  is  more  manifcft 
than  that  the  Reafin  of  equal  Quantities  is  iilwayj 
EffMe^  as  beiag  capable  of  Exprcflioii  by  aiif  ■ 
equal  Nunibers  ^SFhatiocver.  Ex.  gr.  Every  equal 
Cfuantity  is  to  every  other,  as  One  to  One,  or 
Two  to  Two.  Therefore  the  Riafon  of  Equality 
may  be  laid  to  be  die  Jirjt  Specks  of  Effabb  Ri^ 
fim.  And  fince  tlie  Reafon  of  Jn^qualify,  as  wa 
have  feen,  b  twofold,  viz.  of  Majority  and  Afi-^ 
nmiy^  or  die  Reajin  of  Ejccefs  and  BefeS^  thenil 
are  vulgarly  five  Species  of  Effahk  Majority^  m\ 
which  Acre  anfwcr  univerfally  jv^ft  as  many 
Species  of  Mimriiy.  Thefe  we  will  recount  and 
expound,  yet  fo  as  firft  to  invcftigate  the  Founda* 
fion  and  Original  of  this  Divifion,  which  ought 
cfpecially  to  be  regarded  in  every  technical  Divi* 
fion.  And  this  we  undertake  to  do  by  noting 
that  when  we  compare  two  Quantities,  whole  Rea^ 
Jon  to  one  another  is  Effahle^  or  in  their  Stead 
the  Numbers  whereby  they  are  reprefented,  i.  e. 
when  we  feck  the  Manner  whereby  the  Antece- 
dent contains,  or  is  contained  in,  the  Confequent, 
we  attempt  to  reprefent  this  Manner  in  Numbers 
as  fmall  as  poffible  ;  becaufe  every  Reafon  is 
more  eafily  eftimated  and  comprehended  in  the 
leaft  ^I'erms.  Therefore  we  endeavour  that  one  of 
them,  viz.  the  Confequent  be  Unity,  the  lowcft 
and  moft  fimple  of  Numbers,  which  being  laid 
down,  we  feek  an  Antecedent  Term  to  Unity 
agreeing  with  the  Confequent.  And  that  Term  of 
the  Reafon  to  be  eftimated  is  called  the  Denomina- 
tor, as  denominating  and  exprefling  it  moft  fuitably 
ro  our  Capacity.  But  becaufe  fuch  is  the  Nawrc 
of  Arithmetical  Divifion  that  as  often  as  the  Num- 
l)cr  to  be  divided  contains  the  Divifor,  the  Quo- 
jBCRt  fowd  contains  Unity }  therefore  that  Deno. 
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minator  (or  Antecedent  of  the  Reafon  whole  Con" 
feauent  is  Unity)  is  found  by  dividing  the  Ante- 
cedent of  the  Reafon  propofed  by  the  ConfequenC 
Moreover,  fince  that  Denominator  or  Quotient, 
becaufe  of  the  intrinfecal  Diverjiiy  of  the  Terms 
themfelves,  may  be  a  Number  of  a  different  Spe- 
cies (viz.  Integer,  frafted,  or  mixed,  and  not  the 
fame  Kind  of  Fraction  or  mixed  Number)  ^at, 
gr.  by  confi(^ring  the  Reafon  of  greater  Inequality^ 
the  faid  Quotient  found  by  the  Divifion  of  the 
Terms  may  be  either  an  Integer,  or  Unity  with 
a  Fradion  whofe  Numerator  i%  Unity,  or  Unity 
with  a  Fraftion  whofe  Numerator  is  greater  than 
Unity,  or  an  Integer  greater  than  UMty  with  z 
Fraftion  whofe  Numerator  is  Unity,  or  laftly  an 
Integer  greater  than  Unity  with  a  Fraction  whofe 
Numerator  exceeds  Unity.  From  thefe  five  Hjarious 
Ways  or  Species  of  the  faid  Quotient  arife  five 
Species  of  Effahle  Majority  ^  wliich  are  vulgar* 
ly  called  multiple j  fuperparticular  ^  fuperpartient^ 
muUiple-fuperparticular^  and  fnuUiple-fuperpartietU ; 
to  which  anfwer  the  Reafons  of  Minority  named 
fubmultiple ,  fubfuperparticular ,  fubfuperpartient ^ 
fubmultiple-fuper-particular ,  and  fubmultiple-fuper-^ 
partient :  which  we  come  now  to  illuftrate  in  tncir 
Order. 

Firft^  The  Reafon  of  one  Term  to  another  is 
faid  to  be  multiple^  when  the  Antecedent  exadkly 
contains  the  Confequent  any  Number  of  Times 
more  than  once  •,  or  when  the  Confequent  pcrfeftly 
mcafures  the  Antecedent,  fo  as  to  leave  no  Re- 
mainder. Or  which  is  the  fame  Thing,  when 
the  Confequent  is  any  Aliquot  Part  of  the  Antece- 
dent, which  being  taken  fome  Number  of  Times 
totally  compofes,  equals,  or  compleats  the  Antece- 
dent -,  and  confequently  the  Denominator  of  this 
Reafon  is  always  an  Integer.  Thus  a  Geometrical 
Pace  is  to  a  Foot  in  a  Multiple  Reajbn  denominated 
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prcficd,  at  Icaft  they  may  be  undcrftood  in  Num- 
bers V  becaufc  dmt  contains^  or  is  contained  in 
this,  after  fomc  deUrmimts  Manner^  odicrwife 
than  it  contains^  or  is  contained  in,  any  otlicr  Thing 
unequal  to  this  ;  thercfort!  tiiis  IVay  or  Manner  ^ 
€oniainiftg  is  very  hkc  thnt,  whereby  the  Quann- 
ties  denominated  by  Numbers  rcfpcflively  do  con- 
tain, or  are  contiiincd  in^  one  another,  and  may 
always  be  nearly  cxpreffcd  in  Numbers  fimply» 
and  on  the  Part  of  the  Thing.  As  f^.  gr.  wlicn 
die  Reafmi  of  the  Periphiry  ot  a  Circle  to  its  Dia- 
meter (though  not  exaftly  and  perfcftly  known)  is 
reprefented  by  faying  that  the  Periphery  by  App^~ 
fttion  is  triple  :ind  fefquijeptimah  i.  e.  contains  the 
Diameter  three  times  and  one  fevcnth  P.irt  of  it 
nearly.  So  alfo  the  Reajin  of  the  Diameter  to  the 
Side  of  a  Square,  which  the  Nature  of  the  Thing 
will  not  admit  to  be  precifely  exprtffTed  in  Num- 
bers may  yet  be  represented  approaching  the  Truth, 
by  faying  that  the  Diameter  is  to  the  Side  as  1.4  to' 
t,  or  more  nearly  as  1.4 1  to  i,  or  yet  again  more 
nearly  as  i. 41 6  to  i,  fcf^. 

But  we  will  endeavour  farther  to  illoftrate  the 
Nature  of  Reafon^  by  exhibiting  firjl  its  Species 
and  Differences  \  for  the  Comprehenfion  of  the 
fuhje£led  Species  conduces  very  much  to  a  per- 
fcfter  Knowledge  of  the  Genera  or  Kinds^  the  Ge- 
nera themfelves  being  conftituted  and  as  it  were  ge- 
nerated from  the  Argument  of  thefe  as  to  fome  ef- 
fential  Property  :  then  fecondfyj  by  exhibiting  cer- 
tain primary  Accidents  of  Reafons  ("expounding  their 
Comparifons  to  one  another,  Compoftiion^  Continua- 
tion^  Addition^  Subtra^ion^  Divi/ion  and  ReduSlion) 
alio  in  the  mean  Time  examining,  by  the  Way, 
fome  controverted  Queftions,  which  do  not  a  litde 
contribute  to  the  Illuftration  of  this  Subjedt. 

As  to  what  pertains  to  the  Species  of  ReafoHy  its* 
firft  Divifion  moft  naturally  follows  the  difTerent 
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AfFedtion  of  the  "Terms  in  this  Majiner :  the  Ante^ 
cedent  of  the  Reafon  is  either  greater  than  the  Con-^ 
fequent^  Equal  to  it,  or  LeJJer  than  it,  hence  arife 
three  Species  of  Reafon :  The  Reafon  of  Greater 
Quantity  to  a  LeJJer^  of  an  Equal  to  an  Equals 
and  of  a  Z.<?^r  to  a  Greater ;  commonly  called  a 
Reafon  of  greater  Inequality^,  of  Equality^  and  of 
lejfer  Inequality  \  but  they  may  be  more  fimply 
and  concifely  named  Majority^  Equality  and  ME- 
nority^  and  by  thefe  Names  for  brevity's  fake  We 
will  always  defign  them.  But  fome  ftile  Majority 
and  Minority^  the  Iteafon  of  Excefs  and  DefeSty 
which  Words  alfo  we  will  perhaps  fometimes  ufe. 
And  that  double  Dichotomy  according  to  {a\ Nicbo^ 
tnachus  comes  to  the  lame  Thing,  when  Reafon  is 
firft  divided  into  Reafon  of  Equality  and  Inequality  \ 
and  Reafon  of  Inequality  again  fubdivided  into 
Reafon  of  greater  2Lnd  Reafon  of  lejfer  Inequality^ 
The  Thing  is  too  plain  of  itfclf  to  be  illuftrated 
by  Examples-,  yet  we  will  give  one :  Forlnftance, 
the  Reafon  of  a  Pound  Troy  to  an  Ounce  for  of 
the  Number  12  to  i)  is  a  Majority^  or  a  Reafon  of 
greater  Inequality^  or  a  Reafon  of  Excefs^  becaulc 
the  Antecedent  is  greater  than  the  Confequent.  The 
Reafon  of  a  Quarter  of  a  Pound  Troy  to  three 
Ounces  is  a  Reafon  of  Equality^  becaufe  the  Ante- 
cedent is  equal  to  the  Confequent :  But  the  Reafon 
of  an  Ounce  to  a  Pound  is  a  Minority^  or  a  Reafon 
of  lejfer  Inequality^  or  a  Reafon  of  Defeilj  becaufe 
the  Antecedent  is  leflfer  than  the  Confequent.  Thefe 
by  the  (b)  Greeks  are  fometimes  called  greater^ 
equal  and  lejfer  Reafons^  but  improperly  j  for  thefe 
Words  do  more  frequently  and  properly  defign  the 
Refpc6b  of  the  Reafons  themfelves  compared  toge- 
ther, and  net  the  Species  oi  particular  Reafons  ablb- 
lutely  taken.     For  inftance,  in  comparing  the  Rea^ 
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fms  of  nine  Ounces  to  tour  Ounces  j  and  of  eight  Ounces 
to  four  Ounces  \  die  Reafon  of  nine  Ounces  to  (bur 
Ounces  is  grMter  than  that  of  eight  Ounces  to  feur 
Ounces,  u  e.  the  Reajhn  of  910  4  is  greater  than  that 
of  8  to  4p  But  the  Reafms  of  nine  Ounces  ro  Jour 
Ounces  and  of  eight  Ounces  to  four  Ounces  fim- 
p]y  referred  to  one  another,  i\re  not  rightly  ftifcd 
grraiir  Redfmsy  liut  Renpm  of  Majmiyy  ExetfSf  j 
or  greaier  lHequalU)\  i.  t,  Raijhns  of  j^reater  Quan-  " 
titles  to  k£er  Quantides,  Tliis  is  the  firft  Divi- 
fion  of  Rcafons, 

Orherwifc  Re^f^n  (or  R^&fim  of  Inequality,  for  t 
matters  not  whether  Reafm  uniiferftilly,  or  Rt^ 
jf /wff fnf/j/j  ptirttaitarly,  be  to  divided j  Qthcrwile, 
if  fey»  Reafcn  is  divided  by  rcfpcaing  thoJc  Prt^^ 
feriies  already  explained  in  Part,  which  F  cat!  Cm- 1 
Wienfurahility  and  Incommenfurainlity.  For  becaufe 
fome  of  the  Terms  compared  together  are  commen- 
furahle^  i,  e.  arc  capable  of  being  meafured,  com- 
pleady  divided,  or  quite  exhaufted  by  the  fknic 
Quantity  taken  once  or  oftner,  and  confequently  of 
being  accurately  exprefled  in  Numbers ;  while 
others  are  incommejifurahle^  i.  e,  are  menfurable  by 
no  common  Meafure,  have  no  Part  aliquot  to  the 
fame,  and  confequendy,  being  lb  affefted  canncx 
be  expreffed  or  perfectly  reprefented  by  any  Num* 
ber  :  Hence  arifes  the  Divifion  of  Reafon  into  Ef^ 
fable  and  Ineffable.  Where  notwithftanding  it  is  to 
be  noted  that  thefe  Words  pVii^  effable^  and  iffiix^ 
ineffable  are  very  often  ufed  in  the  Elements.  For 
when  Euclid  confidered  that,  any  Right  Line  be- 
ing  expounded  ("which  he  calls  effabk^  as  being 
denominable  or  efFable  by  any  Number  at  Pleafurc,^ 
the  Lines  compared  widi  it  are  of  three  Kinds,  viz. 
fome  are  Cotnmenfurable  with  it  in  Lengdi,  othcis 
are  hcommenfurable  in  Length,  yet  fo  dat  their 
Squares  are  commenfurable,  and  capable  of  being 
denominated  by  Numbers  moft  portedJy  €Xh3>iting 

their 
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their  true  Reafons  to  the  Square  of  the  Line  ex- 
pounded :  Laftly,  moft  others  are  not  only  Incom^ 
menfurable  to  the  Line  expounded  in  Length,  but 
alfo  in  Power,  i.  e.  their  Squares  are  alfo  Incom^ 
menfurable  to  the  Square  of  the  Line  expounded :  I 
lay,  when  Euclid  confidered  this,  he  named  the 
Lines  of  the  two  former  Kinds  Effahle^  as  capable 
of  being  fome  Way  expreffed  ;  but  the  laft  Kind 
he  called  Irrational  or  Ineffable^  as  being  no  Way 
explicable,  or  capable  of  being  expreffed,  byNum* 
hers.  Therefore  according  to  Euclid  fome  Income' 
menfurable  ^antities  feem  to  have  an  EffabU 
Reafin  to  one  another  ffor  if  the  Quantities  them- 
ielves  are  faid  to  be  eJfabUy  confec^uendy  their  Rea- 
fan  will  be  effable)  I  lay  Quantities  incapable  of 
Commenfurability  in  Length,  Breadth  or  Thickneft 
may  have  an  Effable  Reafon  -,  for  albeit  their  Rea-- 
fm  cannot  be  immediately  reprefented  by  any  com- 
mon Numbers,  yet  it  may  in  Part  be  fo  mediately^ 
-wz.  by  the  Intervention  of  their  Squares,  when 
thefe  are  truly  denominated  and  expreffed  in  Num- 
bers. For  from  thence  they  may  be  called  the 
^ides  or  Square  Roots  of  fuch  Numbers  ;  at  leaft 
fuch  an  Exprcffion  fuffices  for  determining  their 
relative  Quantity,  and  caufing  that  the  Quantities 
jdiemlelves  may  be  both  in  fome  Meafure  fubjedted 
to  our  Eftimation  and  eafily  capable  of  real  Re- 
prefemation.  But  with  fome  it  feems  moft  agree- 
able to  Reafon  to  have  the  Reafons  of  Imommen- 
furable  ^amities  called  Ineffable  ;  becaufe  the 
Terms  of  fuch  Reafons  cannot  properly  and  imme- 
diately be  exprelled  in  Numbers  vulgarly  known 
and  received,  and  therefore  we  will  retain  this 
Senle  ;  thou^  the  molt  learned  Borellus  (perhaps 
for  avoiding  Ambiguity^  chufes  to  divide  Propor-- 
tion  into  Ctmmenfirable  and  Non-men  furable^  de« 
vifing  new  Words,  and  fuch  as  in  my  Judgment 
arc  ooc  wy  fuiable«  For  the  F roper tiom  of  in- 
Aaij  ^fmm€i»furaJ}\i 
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commef{fiO'dble  ^^taniihes  ait  mcnfuraMc^  as  weU  as 
the  Proportions  of  cmimcnfurabk  Sluantities :  and 
H  my  Opinion  he  had  fpokc  mor^  accurately  if 
he  had  faid  Proporiim  is  either  of  Ccmmenfurahk 
^afjtities  or  IncommenfuraUe  ^anittm.  Bur  d 
theic  Things  by  the  by^  let  us  return  to  the  pro- 
pofcd  Species  of  Reafom, 

An  Effabie  or  ExplicabU  Reafin  is  that  whidi 
may  be  really  exprcffed  in  common  Numbers,  Le. 
in  Integers,  mixed  Numbers  and  Fradions ;  or 
rather  always  in  Integers,  becaufe  every  Reafm  ^ 
Numbers  however  frafted  or  compofed  of  Integers 
and  Fraftjons  may  be  always  reduced  to  Intcgen 
by  multiplying  by  the  Denominators  of  the  Fni<^ 
tlons.     Examples   may   be  taken  from  all  Mca^ 
fures  of  die  liime  Kind,  fuch  as  a  Finger's  Breadth, 
a  Span,  a  Pahn,  a  Foot,  a  Cubit,  a  Yard,  an 
Ell,    a  Pace,  a  Furlong,  a  Mile,  a  League  for 
meafuring    Intervals   of  Longimde  ;    a  Grain,  a 
Dram,  an  Ounce,  a  Pound  for  eftimating  Weights; 
a  Farthing,  a  Penny,  a  Shilling,  a  Crown,  a  Mark, 
a  Pound   for  computing   Money  ;  a  Minute,  an 
Hour,  a  civil  Day,  Month,  Year ;  I  fay,  civil, 
becaufe  it  cannot  be  known  whether  thcfe  natural 
Parts  of  Time  are  commenfurable  or  no.     Thcfe 
Quantities  and  the  like  have  their  Reafons  to  one 
another  Effahle  or  ExplicahUj   and  are  therefore 
fuited  to  vulgar  Ufes.     For  Inftance  the  Reafin  of 
a  Mark  to  a  Pound  is  Effahle^    becaufe  they  are 
expreffed  by  the  Numbers  f  and  i  or  2  and  5,  or 
any  other  Number  which  are  fefquiaker  to  one  an- 
other.    So  alfo  the  Reafon  of  a  Shilling  to  an  half 
Crown  is  expreffed  by  the  Numbers  ^  and  i  or  i 
and  2  J,  or  2  and  5  ;  which  Reafon  is  faid  to  be  , 
fub-multiple-double-fefquialter^  as  we  will  (hew  anon. 

An  Ineffabl\ov  Inexplicable  (or  as  fomc  call  it 
Irrational)  Reafon  is  that  which  is  between  /««»- 
menfurabU  ^antities^   whole  Reafon   cannot  be 
.^  perftaiy  . 
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perfeclly  exprefled  by  any  true  and  vulgar  Num- 
bers whatfoever.     Such  is  die  Reafon  in  that  moft 
•  trite  Example  of  the  Diameter  to  the  Side  of  a 
Square  ;  for  no  two  Numbers  can  be  found  in  the 
whole  Series  of  poflible  Numbers  (integral,  frafted, 
or    mixed)  whofe  Reafon   does  exaftly    reprefent 
the   Reafon   between    thefe  two  Quantities.     For 
fince  the  Square  of  the  Diameter  (as  is  demon- 
ftrated  in  the  Elements)  is  twice  the  Square  of  the 
Side,  and  there  are  no  two  Sauare  Numbers  the 
one  double  the  other,  in  the  whole  Series  of  com- 
mon Numbers,   therefore  there  are  no  Numbers 
which  can  exhibit  the  Reafon  of  the  Diameter  of  a 
Square  to  its  Sides.     And  innumerable  fuch  Rea- 
fins  are  found  in  all  Kinds  of  Quantities,  fb  that 
comparing  together  regular  Figures,  as  well  plane 
as  folid,  infcribed  or  circumfcribed,    in  the  fame 
Circle  or  Sphere  •,  fcarce  any  will  be  found  to  have 
a  Reafon  to  one  anodier  explicable  in  Numbers,  ei- 
ther as  to  their  Sides  or  Perimeters,  or  as  to  their 
Areas,  or  as  to  their  Solidities.     Whence  that  the 
Reafons  of  thefe  and  moft  other  Quantities  may  be 
Ibme  Way  referred  to. Numbers  (as  being  the  moft 
general,  moft  known,  and  moft  commodious  Sym- 
bols of  Quantities^  it  was  neceflary  to  devife  thofe 
Numbers  called  Surds  or  Irrationals^  that  the  Rea^ 
fans  of  thefe  Quantities  may  be  fome  Way  exprefled. 
And  of  thefe  ineffable  Reafons  there  are  reckoned  no 
SpecieSy  becaufe  the  different  Ways  whereby  their 
Terms  contain,  or  relpeft,  one  another,  cannot  be 
well  conceived  to  be  diftinguiftied,  and  no  Me-^ 
thqd  is  yet  invented  for  exprefling  them  otherwife  j 
But  I  will  endeavour  to  reckon  up  the  Species  of 
the  Reafons  commonly  called  Effable^  and  explain 
them  ai  briefly  as  I  can.     For  why  Ihould  I  dwell 
upon  Things  fufficiently  clear  of  themfelves  ?  It  ia 
rather  my  Defign  to  offer  thofe  Things  to  youp 
Confideration,  which  feem  leis  common  and  mors 
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intricate,  every  where  paiTing  lig^itly    over   fuclij 
Things  as  arc  obvious  and  plain,  ^ 

Nothing,  in  die  firfi  Place^  is  morr  manifrft 
than  that  the  Red/on  of  eqml  Quantities  is  always 
Eff^hle^  as  beiag  capable  of  Expreffion  by  any 
equal  Numbers  wharlbever.  Ex,gr.  Every  eqtiiiJ 
Quantity  is  to  every  other,  as  One  to  One,  of^ 
Two  to  Two.  Therefore  the  Reafon  of  EquaUty 
may  be  faid  to  be  tlic  firjl  Species  of  Effable  Ri^ 
f$m.  And  fince  the  Reafon  nf  hequality^  as  we 
have  fecn,  is  twofold,  vix.  of  Majority  ajid  M- 
mrity^  or  the  Reaftn  of  Excefi  and  DffiS^  them 
are  vulgarly  five  Species  of  Efable  Majmh^  m 
which  there  anfwer  univerlally  jufl  as  many 
Species  of  Mimrity.  Thefc  we  will  recount  and 
expound »  yet  fo  as  firft  to  inveftigate  the  Founda- 
tion and  Original  of  this  Pivifion^  which  ought 
cfpecially  to  be  regarded  in  every  technical  Divi* 
fion.  And  this  we  undertake  to  do  by  noting 
that  when  we  compare  two  Quantities,  whofe  Rea^ 
Jon  to  one  another  is  Effahle^  or  in  their  Stead 
the  Numbers  whereby  they  are  reprefented,  i.  e. 
when  we  feck  the  Manner  whereby  the  Antece- 
dent contains,  or  is  contained  in,  the  Confcquent, 
we  attempt  to  reprefent  this  Manner  in  Numbers 
as  fmall  as  poffible  ;  becaufe  every  Reafon  is 
more  eafily  eftimated  and  comprehended  in  the 
leafi  ^erms.  Therefore  we  endeavour  that  one  of 
them,  viz.  the  Confecnient  be  Unity,  the  lowcft 
and  moft  fimple  of  Numbers,  which  being  laid 
down,  we  feek  an  Antecedent  Term  to  Unity 
pureeing  with  the  Confequcnt.  And  that  Term  of 
the  Reafon  to  be  eftimated  is  called  the  Denomina- 
tor, as  denominating  and  exprefling  it  moft  fuitably 
to  our  Capacity.  But  becaufe  fuch  is  the  Nature 
of  Arithmetical  Divifion  that  as  often  as  the  Num- 
l)er  $0  be  divided  contains  the  Divifor,  the  Quo- 
epot  fgwd  fpotain?  Unity }  tbcrefew  that  Deno^ 
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minator  (or  Antecedent  of  the  Reafon  whofe  Con" 
fequent  is  Unity)  is  found  by  dividing  the  Ante- 
cedent of  the  Reafon  propofed  by  the  ConfequcnC 
Moreover,  fince  that  Denominator  or  Quotient, 
becaufe  of  the  intrinfecal  Diverftty  of  the  Terms 
themfelves,  may  be  a  Number  of  a  different  Spe- 
cies {viz.  Integer,  frafted,  or  mixed,  and  not  the 
fame  Kind  of  Fraction  or  mixed  Number)  ex^. 
gr,  by  confi(^ring  the  Reafon  of  greater  Inequality^ 
the  faid  Quotient  found  by  die  Divifion  of  the 
Terms  may  be  either  an  Integer,  or  Unity  with 
a  Fradion  whofe  Numerator  i^  Unity,  or  Unity 
with  a  Fraftion  whofe  Numerator  is  greater  than 
Unity,  or  an  Integer  greater  than  Uhity  with  % 
Fraftion  whofe  Numerator  is  Unity,  or  iaftly  an 
Integer  greater  than  Unity  with  a  Fraftion  whofe 
Numerator  exceeds  Unity.  From  thefe  five  Various 
Ways  or  Species  of  the  faid  Quotient  afife  five 
Species  of  Effahle  Majority^  wliich  are  vulgar* 
ly  called  multiple^  fuperparticular  ^  fuperpartientj 
muUiple-fuperparticular^  and  fnuUiple-fuperpartient ; 
to  which  anfwer  the  Reafon s  of  Minority  named 
fubmultiple ,  fubfuperparticular ,  fubfuperpartient , 
fubmultiple-fuper-particular ,  and  fubmultiple -fuper^ 
partient :  which  we  come  now  to  illuftrate  in  tncir 
Order. 

Firft^  The  Reafon  of  one  Term  to  another  is 
faid  to  be  multiple^  when  the  Antecedent  exadlly 
contains  the  Confequent  any  Number  of  Times 
more  than  once  ;  or  when  the  Confequent  pcrfeftly 
meafures  the  Antecedent,  fo  as  to  leave  no  Re- 
mainder. Or  which  is  the  fame  Thing,  when 
the  Confequent  is  any  Aliquot  Part  of  the  Antece- 
dent, which  being  taken  fbmc  Number  of  Times 
totally  compofes,  equals,  or  compleats  the  Antece- 
dent ;  and  confequently  the  Denominator  of  this 
Reafon  is  always  an  Integer.  Thus  a  Geometrical 
Pace  is  to  a  Foot  in  a  Multiple  Reajbn  denominated 
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by  the  Integer  5  \  bccaufe  a  Fcx)t  taken  five  Times 
cxaftly  makes  a  Pace ;  or  becaufe  a  Pace  includes 
a  Foot  five  Times  without  a  Remainder,     Hcnoj 
it  is  apparent  that  this  Keufon  has  as  many  fuhorM^ 
mie  Species  as  there  arc  Intqgers  by   which   they 
may  be  denominated,  and  diftinguillied  which  arc 
infinite  :  Ex.  gr,  DmUe^  Triple^  DetupU^  Catiu- 
pfe,  Mlkcupk^  Sec.  Re^Qm  arc  Species  of  Muki- 
pie  Reafon.     Submuitipk    Reajhi  therefore^   which 
anlwers  univcrfally  to  MfdHpie^  h  wli^n  the  Ante- 
cedent exaftly  meafurcs  die  Confequent,  is  an  Ali- 
quot Part  of  it,  or  is  contained  in  it  fomc  Nam* 
ber  of  Times  ;  and  its  Denominator  is  always  fomc 
fimple  Fmftion,  whofc  Numerator  is  Unity,  Thui 
a  Foot  to  a  Pace  is  jn  the  fubmultipk  Reafm,  a^ 
being  five  Times  contained  in  a  Pace,  and  having 
for  its  Denominator  the  Fradtion  f .     In  like  Man^ 
ncr  this  Kind  of  Reafon  has  as   many   Sp€cies,  as 
there  can  be  fimplc  Fraftions  denominated  by  any 
Number,  whofe  Numerator  is  Unity  :  Ex.  gr.  fub- 
duple ^  fuhtripley  fubdecuple^  Juhcentupky  &:c.  Reafon^ 
are  Species  of  Jubmultiple  Reajon.     For  fince  thefc 
Reafons  cannot  firiy  be  fignified  by  Words  of  com- 
mon Ufe,    therefore  Mathematicians  defign  them 
hy  prefixingy«^  to  the  Napes  of  the  Multiple  Rea- 
fons   inverfed.      For  the   Words   Second^    Tenths 
Hundredth^  ^oufandtb   (hy   which  are  expreffed 
the  Aliquot  Pans  of  Unity)  cannot  be  fO/ fitly  apr 
plied  for  denoting  tbefe  Reafons^  becaufe  they  arc 
moreover  ordinal,  and  do  not  only  fignify  a  Di- 
vifion  into  Parts,  but  alfo  a  certain  Place  of  Things 
difpofed  in  fome  Order :  as  the  third  King  fwi 
Romulus,  the  eighth  of  the  Wife  Men^  the  hundreiih 
Tear  hence  :  Odierwife  I  do  not  fee  but  the  Thirds 
Fourth^  Tenth  J  &c.  Reafons  might  "^lerve  for  denot- 
ing thefe  Reafons^  as  well  as  Doubky  Triple^  i)^ 
fuple^  &c.  for  the  Species  of  Multiple  Reafons.    ft 
WPcafS  ^en  that  the  Corrdative^Xcrms  Whole  and 
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Part  are  common  to  both  multiple  and  fubmultiple 
Reafon,  by  taking  the  Word  fVhole  according  to 
its  native  Signification  and  the  Word  Part  for  an 
Aliquot  Part  according  to  Euclid^ ^  Senfe  and  De- 
finition, A  Part  is  a  Magnitude  of  a  Magnitude j  a 
Ufs  of  a  greater^  when  the  lefs  meafures  the  greater. 
But  1  proceed  to  other  Species. 

Secondly y  A  Reafon  is  laid  to  be  fuperparticular 
when  the  Antecedent  fo  exceeds  the  Confequent  that 
fome  Aliquot  Part  of  the  Confequent  remains  over 
and  above,  whence  the  Reafon  of  the  Name:  Or 
when  the  Antecedent  includes  the  Confequent  no 
oftner  than  once,  and  fome  one  only  Alicpiot  Part 
of  it  befides  :  Or  when  the  Antecedent  divided  by 
the  Confequent  exhibits  Unity  for  the  Quotient, 
with  Unity  alfo  remaining  yet  to  be  divMed  by 
the  Confequent  :  and  confequendy  the  Denomina- 
tor ot  this  Reafon  is  Unity  with  a  Fradion  an- 
nexed, which  has  Unity  for  its  Numerator.  Such 
is  the  Reafon  of  a  Cubit  to  a  Foot,  becaufe  a  Cu- 
bit exceeds  a  Foot  by  one  half  of  a  Foot  ;  fo  alfo 
p  Ounces  is  in  a  fuperparticular  Reafon  to  8  Ounces, 
becaufe  9  Ounces  contains  8  Ounces  once  and  an 
eighth  Part  of  it  more,  or  becaufe  -|=i-|^-J.  The 
Species  of  this  Reafon  are  alfo  infinite,  according  to 
the  infinite  Multitude  of  Denominators  ;  which  in 
Latin  ufe  to  be  fignified  diftinftly  by  prefixing  the 
Particle  y^y^wi  to  the  Names  of  the  Ordinal  Num- 
bers, as  Sefquialtera  for  Sefqu\fecunda)  Sefquitertia^ 
Sefquiquartaj  Sefquidecima^  Sefquicentefima ,  &c. 
which  Words  muft  be  thus  underftood,  viz.  when 
the  Antecedent  exceeds  the  Confequent  by  its  half 
(as  12  exceeds  8)  that  is  faid  to  be  the  Sefquialtera 
of  this  ;  when  by  one  third  (as  12  exceeds  9;  Sef^ 
quitertia^  &c.  The  Invcrfe  of  Superparticular  Rea* 
fon  is  called  Subfuperparticular^  and  its  Species 
Subfefquialtera^  Subfefquitertia^  Subfefquidedma^  &c. 
The  Nature  of  which  Reafons  fufficicndy  appears 
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by  comparmg  them  with  thtir  Oppofttes  \  for  they 
differ  from  thole  only  by  a  Tranfporuion  of  the 
Icrms^  and  their  Denominators  arc  to  Uniry»  as 
Unity  to  die  Denominators  of  their  invcrfc  Reafons. 
Concerning  which  wc  will  yet  remark  this,  that  the 
Dtinoniinator  of  a  Subfuperpariuuidr  Rrafan  is  al- 
ways fome  Fraftion  whofe  Numerator  is  an  Unit 
fcls  than  the  Denominator.  Thus  the  Denomina* 
tor  ot  a  Suhfefquiaher  Reafon  is  4^  of  z  fubfe/fuaira 
^  of  a  Subfrfquiquari  4,  ^^^ 

Thirdly^  we  proceed  to  a  Superpartient  Rfafoft, 
which  is  when  the  Antecedent  exceeds  the  Conft- 
qucnt  by  fome  Aliquot  Parrs  more  than  one,  whence 
the  Name :  Or  when  the  Antecedent  includes  the 
Confequent  once,  and  fome  aliquot  Pans  of  it  more, 
I  £iy  Parts  to  diftinguifli  it  from  a  SuperpariicMlar 
Ri'dfon :  Or  whtn  die  AnteceJent  diviclt^d  by  the 
Confequent  exhibits  Unity  for  the  Quotient,  with  a 
Remainder  exceeding  Unity.  Therefore  its  Deno- 
minator is  Unity  with  a  Fraftion  whofe  Numerator 
exceeds  Unity.  Thus  9  is  faid  to  be  in  a  Superpar- 
tient  Reafon  to  7,  becaufe  9  exceeds  7  by  two  7th 
Parts.  This  Reafon  has  alfo  infinite  Species  from 
the  infinite  Variety  of  Denominators,  which  Species 
are  fo  expreffed  in  Words  that  both  the  Numerator 
and  Denominator  of  the  Fraftion  adjoined  to  Uni- 
ty, arc  pronounced  in  the  Denominator  of  the  pro- 
pofed  Reafon  -,  as  Superhipartient  TertiaSy  ^intas^ 
Septimasj  &c.  Ex.gr.  The  Reafon  of  12  to  7  is 
faid  to  be  Superquinquipartient  Septimas  ;  in  which 
Expreflion  die  numeral  Septimas  diftinftly  ihews 
by  what  fort  of  AliqiK>t  Parts  the  Antecedent  ex- 
ceeds the  Confequent,  and  quinqui  (for  the  Adverb 
^uinquies)  denotes  by  how  many  of  die  faid  Parts 
K  exceeds  it.  And  the  fame  Way  in  others.  But 
(as  we  have  faid)  an  Exception  ought  to  be  ob- 
lerved,  that  the  Excefs  of  the  Antecedent  above 
the  Confequent  ought  ajways  to  be  more  than  one 
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Aliquot  Part,  cr  that  the  Fradion  annexed  to  Uni* 
ty  in  its  leaft  Terms  muft  not  have  Unity  for  a 
Numerator  -,  for  then  the  Reafon  will  not  be  Su* 
ferpartient^  but  Superparticular :  As  ex.  gr.  die 
Reafon  of  12  to  9,  according  to  this  DivifioiAmU 
not  be  faid  to  be  Superpartient^  but  Superparticular 
Sefqutterce^  becaufe  12  exceeds  9  by  one  Aird  ParL 
*  i.  ^.  by  3.  Though  according  to  the  Truth  of  the 
Matter,  fuch  Limitation  being  fet  afide,  this  Rea^ 
fon  may  be  called  Supertripartient  nonas^  as  12  cXi» 
ceeds  9  by  3,  /.  e.  by  4.  or  three  ninths  of  9, 
which  Fraftion  is  equal  to  4-  But  die  Difference 
of  thefe  Reafons  requires  the  Denominators  diftin* 
guifhing  them  to  he  exprefled  in  the  moft  fimple  and 
the  fmalleft  Terms,  or  otherwife  a  Multiple  Rcafim 
will  in  fome  Meafure  coincide  with  a  Superpartient 
one  ;  for  inftance,  the  Reafon  of  9  to  3  may  be  truly 
called  fuperfextipartient  tertiasj  becaufe  9  exoeecu 
3  by  fix  thirds  of  three,  i.  e.  by  fix  Units  ;  but  it 
is  plain  that  this  Reafon  is  exprefled  much  more 
fimply  and  fidy  by  faying  that  9  is  a  Multiple^  viz. 
the  triple  of  3.  And  hence  as  in  the  foregoing, 
the  Oppofite  of  this  Reafon,  together  with  its  Spe* 
cies,  is  eafily  underftood.  For  they  differ  only  as 
to  the  Thing  by  a  Tranfpofition  of  the  Terms  i 
and  as  to  the  Name  by  prefixing  the  Particle  yit  : 
as,  Subfuperpartient,  Suhfuperbipartient  tertiaSj  quar^ 
tas^  decimas,  &c.  dierefore  we  will  dwell  no  Ion- 
ger  upon  them.  And  thefe  three  are  the  Species 
o(  fimple  Reafons^  when  the  Antecedent  contains 
the  Confequent  only  once.  There  remain  other  two 
Species  rcfulting  from  the  firft  conjoined  with  the  ^ 
cond  and  third,  viz.  MiUiple-fuperparticulaTj  and 
Multiple-fuperpartientj  with  their  Oppofites. 

Fourthly^  when  the  Antecedent  includes  theCoii« 
fequent  mc^e  Times  than  one,  and  one  Aliquot  Part 
of  it  befides,  (as  9  contains  4  twice,  and  a  4th  Part 
of  it  moTt)  die  Reafon  of  (fade  Terms  in  gcperal  is 
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faid  to  be  Muhiple  fitperpariicular ;  in  pardcuJar 
fas  in  the  Example  propofed)  double fefyuiquart^  and 
lb  ot  others.  The  Inverfc  Reafon  of  which,  fup- 
pofc  of  4  to  9  is  in  general  faid  to  be  fubmuhiplefu- 
pirparticular^  in  partkiil^r  fubdupU fefquiquart.  But 

Ftftbl\\  when  the  Antecedent  contains  the  Conic- 
quern  more  Times  than  once»  and  more  Aliquot 
Parts  of  it,  btfklcs  than  one  (as  the  N  amber  8  con- 
uins  tiie  Nutnbcr  3  twice  with  two  third  Pans  of  it), 
the  Reafon  of  ihofe  Terms  to  one  another  in  general 
is  faid  to  be  MuUljle-fuperpariient  \  in  particular  [as 
in  the  Example  propofcd)  Double  fuperhipartieni 
teriias  \  and  after  the  lame  Manner  in  others.  Alfo 
the  Invcrfe  Reafon  of  this,  as  the  Number  3  to  8, 
is  in  general  Ciid  to  be  fubmultipU  fupsrpartuni^^  m 
-p^niculu  fubibiple  faperbipariient  teriias.  I  ima- 
gioe  there  will  be  no  need  of  infifting  longer  upcm 
thcfc  Things  which  are  fufficiendy  manifrft. 

And  thus  we  have  briefly  reckoned  up  and  ex- 
pounded the  Kinds  of  Effable  Reafons  toot  five  of 
Majority  ^with  the  fame  Number  of  Mtnority  oppofitc 
to  them  ;  nor  is  there  any  other  Reafon  of  Inequality 
expreflU^le  in  Numbers,  which  may  not  be  roluced 
to  fome  of  thcfe  ;  as  every  greater  Quantity  contains 
a  Icffer  cither  (firjl)  fome  Number  of  Times  perfeft- 
ly,  and  conlequently  is  a  Mulriple  of  it,  and  this 
afubmultiple  of  that ;  or  (fecondly)  once  with  one 
only  Aliquot  Part  of  it,  and  confequcntly  is  TLfuper- 
particular  of  it^  and  this  Vifubfuperparticular  of  that ; 
or  (thirdly)  once  with  more  Aliquot  Parts  of  it  than 
one,  from  whence  it  is  a  fuperpartient  of  it,  and 
this  ^  fubfiiperpartient  of  that  ;  or  (fourthly)  more 
than  once,  with  one?  Part  of  it  only,  whence  it  is 
called  a  Multiple  fuperparticular^  and  this  zjiibmul- 
Uple  fuperparticular  of  that  ;  or  (laflly)  more  than 
once  with  more  Aliquot  Parts  of  it  than  one,  th^re^ 
fore  called  a  Multiple  fuperp anient^  and  this  on  the 
contniry  ^ifiibmultiple-fuperpartieni  oS  }^t\  nordoe^ 
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the  Nature  of  the  Thing  admit  more  Waysof  con* 
taining.  Conlequently  this  Enumeration  is  per- 
fedb. 

Notwithftanding  in   Theon  Smymaus  (a)  I  find 
yet  another  Species  of  Reafon,  by  him  feid  to  be 
(imply  Effable,  and  its  Terms  to  be  as  one  Num» 
ber  to  another,  but  diftinft  from  the  foregoing  % 
which  he  therefore  defigns  by  the  Name  of  Neuter^ 
and,  fays  he,  is  the  Reafon  of  a  Number  to  a  Num^ 
ber  J  when  the  Greater  is  to  the  Lefler  in  none  of 
the  aforefaid  Reafons.     For  an  Inftance  of  which 
he  brings  the  Reafon  which  is  between  the  Terms 
of  the  Mufical  Interval  called  a  Limma  the  greater 
being  to  the  lefler  as  256  to   253.     And  Meibo^ 
mius  follows  him  in  the  Dialogue  concerning  Propor- 
tions for  which  he  is  reproacfcd,  as  if  he  dreamed: 
And  indeed  not  undefervedly.     Yet  Meibomius^  we 
fee,  did  not  fancy  this  out  of  his  own  Brain,  but 
is  fupported  by  the  Authority  of  neon.     What 
then,  h  I'beon  in  the  Wrong  ?  So  it  feems,  fince 
the  Reafon  of  a  Limma  is  entirely  fuperpartienty 
viz.  fuperdecupartient   ducentejimas    quadrageftmas 
tertias^  and  tli^refore  not  diftinft  fi-om  the  forego- 
ing.    I  can't  otherwife  untie  this  Knot,  nor  excuft 
Theon  of  Error,  but  by  faying  that  X^^eon^  and 
perhaps  other  ancient  Mathematicians,  underflood 
2L  fuperparlient  Reafon  for  fuch  a  Reafon  only,  whofe 
Antecedent  fo  exceeds   the    Confequent   that  th« 
Refidue  may  be  divided  into  two  ample  Aliquot 
Parts  of  the  Confequent  (I  call  thofe  fimple  whofe 
Numerator  is  Unity ;)  As   in  the  Comparifon  of 
1 1  with  6,  the  Refidue  5  contains  3  and  2,  of  which 
3  is  one  half,  and  two  one  third  of  the  Confequent 
6.     From  whence  this  Reafon  is  fuperpartient  even 
according  to  7T)eon,  and  the  Interpretation  he  gives 
of  a  fuperpartient  Reafon.   But  according  to  this  Ac- 

(«)  Cap.  22.  28. 
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cepcation,  the  Rffafift  of  a  Umma  will  noc  be  fuper- 
pnient :  for  1 3  the  Excefs  of  the  Number  256  a- 
E)ove  243,  cannot  be  divided  into  two  fimple  Aliquot 
Parts  of  the  Confequent  243,  as  wil!  ht  found  by 
Tryal .  BulUaldus  (a^  gives  another  Example  o*  the 
Number  29  to  23,  eidier  not  at  all  confidering,  or 
purpofely  diffcmbling  this  Diffioilcy,  and  fubfcri- 
bing  to  the  Error  of  Tbeoffy  if  it  be  an  Error, 
For  the  Reafon  of  the  Number  29  to  23  is  plainly 
fuperfixtipartient  %f^  taking  a  fuperf  anient  Res- 
fyfy  as  it  commonly  is.     But  of  this  enough. 

I  might  have  added  Rules  for  inveftigating  any 
Terms  of  all  thcfe  Reafons  already  expounded  ;  but 
bcfides  this  would  be  difficult  to  accommodate  to 
the  Underitmding  of  Hearets^  and  not  very  pmfi- 
table,  and  requiring  many  Words,  would  take  up 
much  Time  ;  Clavius  in  his  Preceduneous  f Forks 
to  the  fifth  Element  is  ready  for  any  who  has  a  Mind ; 
or  among  the  more  ancient  Nichomacbus  in  his  yf- 
ritbmetical  Works.     Here  I  reft  for  the  prefent. 


LECTURE    XX. 

7bat  Reafons  are  not  ^antities. 

WE  have  explained  the  Nature,  and  reckorfd 
up  the  Species  of  Reafon  in  our  laft  ;  I  come 
aicxt  to  difcufs  fome  of  its  Accidents.  It  happens 
to  Reafons^  according  to  the  common  Way  of 
Speech,  as  to  Quantities,  to  be  added  oc  fuhtraaed^ 
encreafed  or  diminijhedy  protra^ed  and  contraffedy 
multiplied  and  divided^  and  compared  tegePber  accord- 
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ing  to  Equality  and  Inequality  •,  which  laft,  finoe  it 
is  the  principal  Thing  in  itfelf,  and  altogether  ne- 
ceflary  for  underftanding  the  reft,  as  well  as  for  il- 
luftraring  the  whole  Doftrine  of  Reafons^  we  will 
difcwrfe  of  it  in  the  firft  Place.  Yet  fo  that  it  con- 
cerns me  to  fpeak  fomethingby  way  of  Preface,  be- 
fore I  enter  upon  a  Thing  fo  fubtle  and  intricate, 
which,  either  by  the  Nature  of  the  Thing,  or  thro* 
the  Fault  of  thofe  that  treat  of  it,  is  involved  in  a 
moft  thick  Mift  ;  to  clear  up  which  I  can  neither 
hope  norpromife  ftom  my  poor  Ability:  efpecially 
fince  I  find  it  a  very  difficult  Thing  to  exprefi  tte 
Thoughts  which  occur  to  me  about  it  in  fuitable 
Words,  and  digcft  them  in  a  clear  Method.  Mn, 
Meibomius  declares  that  he  fpent  five  fiill  Years  in 
this  Speculation,  nor  does  all  that  vaft  Labour  feem 
to  produce  any  Thing  found  or  folid,  befxle  fome 
little  Criticifms.  And  that  great  Man  Gregvry  Vin- 
<entiu5  who  is  behind  none  of  the  modem  Geometri* 
cians  dwelt  longer,  and  took  more  Pains  upon  the. 
fame,  and  yet  in  my  Opinion  left  the  Thing  as  ob- 
fcure  as  he  found  it.  What  then  can  be  eroefted 
from  the  Smdy  of  a  few  Hours,  what  {"to  lay  no 
morcj  from  this  almoft  extempcwary  Writing,  a- 
bout  fuch  a  perplexed  Subjeft?  Ncverthclefs  we 
muft  purfue  our  Method,  we  muft  proceed  in  the 
Journey  we  have  begun,  however  rugged  and  im- 
pervious, and  fugg^  fomcdiing,  tho*  rough  and 
unelegant  to  be  polifhed  and  improved  by  your  more 
mature  Judgment. 

Thefe  Things  being  premifed,  I  betake  my  felf 
to  the  Bufinefs  in  Hand.  But  firft  of  all  a  Queftion 
is  to  be  decided  conducing  very  much  to  the  Under- 
ftanding what  is  faid  :  viz.  fince  Reafons,  no  other- 
wife  than  all  abfohite  Quantities  are  faid  to  be  com-^ 
pared  together ^  according  to  Equality^  or  Inequality^ 
compounded  or  refolved^  addeaox  fubtra£led^  multi- 
pliedy  or  divided  ^  it  may  bQ  doubted  in  what  Senfe 
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thcfc  Things  are  to  be  undcrftood,  wh^her  properly 
or  improperly  \  or  whether  Rcalbns  accurately  fpcak- 
ing  arc  ^antums  properly  ftibjeit  to  thcfc  Aflfeai- 
ons  of  Quantity,  vix.  Equaliiy^  Imqualtiy^  Rj^^jiB^ 
Cmnpofition^  Divifion^  and  the  reft.  Mod  of  the 
Modems  are  of  this  Opinion,  and  cxprcfly  affirm, 
that  Reafon  is  z  peculiar  Kindof^antity^  and  has 
the  Attributes  of  Quantity  rightly  applied  to  in 
This  Vincentius  lays  as  a  Foundation  to  the  whok 
Dodrine  of  his  Proportionalities  j  and  his  aObdate 
the  learned  ^aiquet  agrees  with  him  :  This  Mr. 
Ht^bbs  inculcates  without  Oppofition  from  his  kaniod 
Adverfaryi  and  the  famous  BoreUus  owns  the 
famet  ff^e  are  now  treating^  fays  [d)  he,  §f  a  mw 
Spetiei  of  family.  Why  fliall  I  mention,  A&r^ 
fennusr  Meihmius^  and  others^  fince  aU  with  one 
Confent,  efpccially  they  wlio  ftudy  to  innovate  about 
the  Doftrine  of  ProportionaUtyy  ieem  to  agree  in 
this  Opinion  ?  Neverthelefs  I  niuft  prefume  to  op- 
pofe  the  illuftrious  Authority  of  lo  many  grm 
Men.  Truth  requires  moll  of  all  to  be  defended 
againft  fuch  powerful  Enemies.  This  Opinion  to 
me  feems  not  only  fiilft^,  but  alfo  very  prejudi- 
cial^ bec^uie  it  begets  and  maintains  ufelejs  Con- 
troverfies,  and  introduces  very  many  Confufions 
and  Errors  into  the  Doftrine  of  Proporiions,  Some 
few  more  Jangling^  will  be  filenced,  fomc  Diffi- 
culties Liken  away.  Errors  avoided,  and  Clouds 
difperfed,  by  maintaining  that  Reafon  is  not  a  Ge- 
nus or  Kind  of  Quantity,  nor  any  thing  fubjeft  to 
Quantity,  or  any  where  properly  attributed  to  Quan- 
tity dircftly  by  itfelf,  but  agrees  no  otherwife  with 
it,  than  by  a  Catachrefts  or  Metonymy^  And  in* 
deed  it  feems  ftrange  for  any  one  to  have  thought 
otherwife  ;  for  fince  Reafon  is,  and  is  acknow 
ledged  to  be  a  pure  perfed  Rdation,  how  can  it 
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pafs  into  another  Category,  and  conftitute  a  Genus 
of  Quantity  ?    Since  it  is  nothing  but  a  Refpedt 
of  two  Sluantums  founded  in  Quantity,   how  caii 
it  be  conceived  a  ^antum  of  itfelf,  or  a  Subjeft 
of  Quantity  ?  Since  it  is  abflxaftly  a  Relation  how 
can  it  be  concretely  a  Thing  related  ?  Is  not  diis^ 
to    confound    Things  abfolute  with  Things    re- 
fpeftive,  and  concrete  Names  with  abfolute  ?  Lo^ 
gicians  have  hitherto  taught  that  Relations  are  in^ 
herent  to^  are  attributed^  and  depend  upon  abfoluti 
^iTnngs  %  but  abfolute  Things,  I  believe,  are  never 
laid  nor    heard  by  any  to  inhere    to  Relations* 
So  neither  does  it  feem  plaufiblc  to  be  laid,  noif 
poflible  to  be  conceived,    that  Relations  refpeflS 
themfelves,   that  Habitudes  have  themfelves  thii 
or  that  Way,,  that  Diftances  arediftant.  Similitude^ 
limilar,  or  Comparifons  compared.     When  ex.  gr^ 
it  is  faid  this  Reafon  is  greater  than  that,  firft  ("ac- 
cording to  the  Opinion  of  our  Adversaries,  tak* 
ing  that  Expreflion   properly,^  fome  Magnitude^ 
or  Quantity  inherent  to  tha  Reafon  is  attributed 
to  it,  becaufc  of  which  Magnitude  the  Reaibn  id 
referred   to  another,    or  in  which   is  founded   itsi 
Reafon  to  another  ;  then  it  is  faid  interpretative!/ 
and  confequendy,  this  Inequality  is  unequal  to  that 
Inequality^  this   Majority  greater  than   Majority  i 
thus  abfolute  Things  will  be  inherent  to  R^ladons^ 
and  Relations  attributed  to  Relations  -,    concretd 
Words  predicated    of  their   pfeironymous  Terms^ 
and  paronymous  Terms  of  abftradt  Words.    More- 
Over  by  what  Caufe  and  Right  a  Man  in  com- 
ering  Reafons  together,  will  pronounce  them  td 
properly  equal,  or  unequal,   and  to  obtain  a 
Reafon  to  one  another,    by  the  lame  Caufe  and 
equal  Right,  in  comparing  the  Reaions  of  thofe 
Reafons,  he  may  aflign  Equality  and  Inequality  to*, 
them,  and  confequendy  a  new  Genus  or  Kind  df 
Reafon :  Nay  moit,  he  may  yet  frame  other  R^a- 
Bb  iQM 
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fons  of  thcfc  Reafons,  and  fo"  continually  proceed 
ad  infimnm.  If  Reafoa  be  a  Kind  of  Quajitiry 
diftjnft  from  the  Quantity  of  the  Magnitudes  com- 
pared, and  if  it  obtain  Reafan  iti'elf,  then  this 
new  Reafon  wi]l  by  equal  Right  be  a  new  Kind 
of  Quart rity,  and  the  Reafon  of  this  Reafon  will 
make  another  diftinft  Kind,  and  fo  we  ftiall  have 
infinite  Kinds  of  Quantity,  hitherto  never  dreamt, 
nor  thought  of  But  fuch  a  liberal  and  cafy  Mul- 
tiplication of  Beings,  which  is  neither  necefTary  nor 
imaginable,  is  dcfervcdly  rc'tedcd  by  PhiJofophcrs. 
I  add,  that  no  Quantity  of  any  Reafon  can  im- 
mediately  be  difcerned  or  eftiniated  of  itfclf,  it 
occurs  not  to  the  Senfe*  it  Ihcws  not  idelf  by  its 
ERc£b,  is  not  gathered  or  proved  by  any  certain 
Reafon,  as  we  fliall  hcrcafDer  endeavour  to  fhciv. 
Therefore  it  is  fuppofcd,  ami  affirmed  ^r^//j,  and 
may  with  the  fame  Eafe  be  rejeftcd  and  denied. 

But  I  forefec  it  may  be  thus  objefted  againft 
our  firft  Argument :  The  Relation  of  a  Father  to  a 
Son,  is  it  not  truly  faid  to  be  like  to  that  of  a 
Prince  to  a  Subjeft,  of  a  General  to  a  private 
Soldier,  or  of  a  Paftor  to  his  Flock  ?  And  fo  a 
Relation  is  attributed  and  inherent  to  a  RcLirion, 
viz.  Similitude ;,  or  Likenefs  to  Paternity.  I  anfwer 
briefly,  firft  that  fuch  Relations  as  Paternity  and 
Likenefs  are  of  a  very  different  Nature,  nor  when 
it  is  faid  Paternity  is  likcy  is  fuch  an  inconfiftent 
Reduplication  and  Conhifion  of  concrete  Names 
with  abftraft  committed,  as  is  incurred  by  faying 
a  Likenefs  is  like^  or  Inequality  unequal.  But  I 
anfwer  more  fully  fecondly^  when  it  'is  faid  Pater- 
nity is  like  the  Principate  for  the  Relation  of  a 
Prince  to  his  People,)  Likenefs  is  not  founded  in 
the  Relations  themfclves,  nor  in  any  Thing  inhe- 
rent to  them,  but  in  the  abfolute  Things  to  which 
thefe  Relations  belong  ;  or  in  other  abfolute 
Things,  which  follow  from  thefe  Found^ions :  be- 
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the  Nature  of  the  Thing  admit  more  Ways  of  con* 
taining.  Conlequently  this  Enumeration  is  per- 
fedb. 

Notwithftanding  in   Theon  Smymaus  (a)  I  find 
yet  another  Species  of  Reafon,  by  him  feid  to  be 
(imply  Effable,  and  its  Terms  to  be  as  one  Num» 
ber  to  another,  but  diftindt  from  the  foregoing  % 
which  he  therefore  defigns  by  the  Name  of  Neuter^ 
and,  fays  he,  is  the  Reafon  of  a  Number  to  a  Num- 
bery  when  the  Greater  is  to  the  LefFer  in  none  of 
the  aforefaid  Reafons.     For  an  Inftance  of  which 
he  brings  the  Reafon  which  is  between  the  Terms 
of  the  Mufical  Interval  called  a  Limma  the  greater 
being  to  the  leffer  as  256  to   253.     And  Meib(h 
mius  follows  him  in  the  Dialogue  concerning  Propor^  ~ 
tions  for  which  he  is  reproached,  as  if  he  dreamed : 
And  indeed  not  undefervedly.    Yet  Meibomius^  we 
fee,  did  not  fancy  this  out  of  his  own  Brain,  but 
is  fupported  by  the  Authority  of  Tbeon.     What 
then.  Is  I'beon  in  the  Wrong  ?  So  it  fcems,  fincc 
the  Reafon  of  a  Limma  is  entirely  fuperpartienty 
viz.  fuperdecupartient  ducentefimas    quadrageftmas 
tertiasy  and  tli^refore  not  diftinft  from  the  forego- 
ing.    I  can*t  otherwife  untie  this  Knot,  nor  excuf^ 
Tloeon  of  Error,  but  by  faying  that  X^eon^  and 
perhaps  other  ancient  Mathematicians,  underftood 
2i  fuperpartient  Reafon  for  fuch  a  Reafon  only,  whofe 
Antecedent  fo  exceeds   the    Confequent  that  th« 
Refidue  may  be  divided  into  two  finijple  Aliquot 
Parts  of  the  Confequent  (I  call  thofe  fimple  whofe 
Numerator  is  Unity ;)  As   in  the  Comparifon  of 
1 1  with  6,  the  Refidue  5  contains  3  and  2,  of  which 
3  is  one  half,  and  two  one  third  of  the  Confequent 
6.     From  whence  this  Reafon  is  fuperpartient  even 
accordmg  to  ^Tbeon^  and  the  Interpretation  he  gives 
of  a  fuperpartient  Reafon.   But  according  to  this  Ac- 
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virtually  and  implicitly.  Ex.  gr.  No  Body  can 
know,  or  conceive  which  Reafon  whether  of  the 
Number  12  to  8  or  of  the  Number  4  to  2  is 
greater,  or  which  Way  greater,  but  by  confidering 
that  12  is  to  3  as  4  to  i,  and  4  is  to  2  as  2  to  i  : 
Or  fubftituting  any  other  common  Confequent^ 
fuppofe  5,  in  the  Room  of  Unity,  by  confidering 
that  12.  3  : :  20 :  5,  and  4.  2  :  :  10.  5.  This  be-» 
ing  confidered  and  underftood  the  Inequality,  and 
Reafon  as  it  is  called,  of  the  Reafons  propofed  i^ 
known  from  the  Comparifon  of  the  Antecedents  in 
thofe  new  equipollent  Reafons.  Therefore  it  ap- 
pears alfo  from  hence,  that  Reafons  have  no  ^an- 
tity  of  themfelves  at  all  imaginable  or  diftind  from 
the  Quantity  of  their  Terms ;  but  yet  after  they 
obtain  a  common  Confequent,  they  are  denominated 
Jnequal  becaufe  of  the  Inequality  of  the  Antece-r 
dents. 

In  like  Manner  it  may  be  adverted  fecondly^ 
that  when  the  Terms  of  any  two  Reafons  are  he* 
terogeneous,    they  cannot  at  all  be  compared  or 
eftimated,   except  they  be  firft  reduced  to  fome 
common  Genus.     Ex.gr.  let  two  Weights,    and 
two  Times  be  propofed,  it  may  hence,  and  fcarcc 
othcrwife,    be  in  fome  Meafure  known,  which  is 
greater,  die  Reafon  of  thefc  two  Weights  or  Times, 
by  this  means.     Let  a  Quantum  of  any  Kind  be 
affumed  at  Pleafure,  but  generally  a  Right  Line 
may  be  affumed  moft  conv^iently  (becaufe  of  the 
Simplicity  of  Right  Lines  above  any  Thing  elfe, 
and  their  Capacity  for  exprefling  any  Reafon,^  leC 
any  Right  Line,  I  fay,  be  fo  affumed,  if  it  can 
be  done,  that  the  firft  be  to  the  fecond,  as  fome 
Line  to  the  Line  affumed  ;  alfo  that  the  firft  Time 
be  to  the  fecond,  as  fome  Line  ag^in  to  the  fame 
affumed  Line  ;  then  as  the  former  Line  thus  foun4 
\%  to  the  latter,  fo  will  the  Reafon  of  the  Weighty 
be  faid  to  be  to  tl^e  Reafon  of  the  Tij^jcs  \  I  fay. 

en  % 
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it  will  be  faid  to  be  fo  bccaufe  the  Giid  Lines  arc 
thus   to  one  another,  borrowing  their  Dcnomim- 
tion   from  their  Rcafon,     Inftead  of  a   Line,   a 
^Number    may   be    moft    conveniently    aflTumed, 
if  the  Keafons  propofed  be  explicable  in  Num- 
bers i  but  if  they  be  not,  which  for  the  nioft  Pait 
liappens,  then  is  Number  unfit  for  thb   Compiri- 
JiMi.     Whence,  I  obferve  by  the  Way,  that  a  cer- 
tain great  Man  in  his  {a)  Arithmetical   Works 
fecms  not  rightly  to  fay  tm  all  Reafons  fxifi  in 
fbe  Gems  of  Number  :  as  if  other  Quantities  couIJ 
not  obtain  Rcafon,  and  that  fufficicntly  knowable* 
without  any  Confideration  at  all  of  Numbers,    But 
what  Way  can  this  Son  of  Rcafon  be  in  the  Ge- 
nus  of  Number,  which  can  be  expreflcd  in  other 
Terms,  and  yet  not  in  Numbers  ?  In  like  manner,  I 
what  he  infers  hence  feems  foreign  to  the  Truth, 
viz.  that  the  whole  DoHrine  of  Reafons  fuits  tnore 
with  the  Speculation  of  Arithmetic  than  Geometry  \ 
for  how  fo,   are  there  yet  nuny  Inventions  ziA 
Doctrines  concerning  Reaibns  emudy  general,  and 
agreeing  alike  to  all  Qimntities?  Such  Reafons  alfo 
as  cannot  be  exprefie^  in  Numbers   furpals  the 
Limits  of  Arithmetic,  of  whkrh  there  arc  innu- 
picrable,  to  which  the  Theorems  of  the  fifth  Elc- 
inent  are  adapted,  as  well  as  to  Arithmetical  Reafons^ 
^ut  this  by  the  Way  :  I  do  not  know  that  it  can 
be  better  explained  otherwife,     Confequently  it  may 
be  moreover  obferved, 

mrdly^  that  no  Reafpn  can  be  eftimated  or 
t:omprehended  feparately,  and  by  itfelf,  nor  is 
peculiarly  capable  of  being  cxpreffed  or  reprefentcd 
by  any  determinate  Quantity,  but  by  all  or  any 
pne  indifFerendy  •,  nor  confequendy  is  it  fubjcft  to 
pny  abfolute  Quantity  ;  for  what  Sort  of  Quandty 
pn  that  be,  which  pafles  through  all  the  Genera  of 

^f)  Wallb  Arith.  p.  a;(^. 
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Quantums  ?  And  if  it  have  no  intelligible  Quan- 
tity of  itfelf,  how  can  it  be  conceived  to  have  any* 
when  compared  with  another  Reafon  ?  How  can  a 
Comparifon  of  Quantities  comprehenfible  of  them- 
fclves  be  made  without  any  Reafon,  or  how  caa 
there  be  a  known  Relation  of  unknown  Quanti- 
ties ?  Moreover  a  Reafon  compared  with  anoAer 
Reafon  obtains  only  a  loofe  and  arbitrary  Quan- 
tity ;  for  as  the  common  Confequent  is  token  dif- 
ferently at  Pleafure,  fo  what  are  called  the  Quan- 
tities of  the  Reafons  compared  are  different.  There- 
fore thefe  Reafons  have  but  a  defultory  and  inde- 
terminate Quantity,  i.  e.  none.  For  whatfoever 
is,  is  fomething  determinately ;  and  that  which  is 
not  fo,  is  nothing.  The  moft  fagacious  Vincen- 
tius  faw  this,  and  plainly  owned  and  declared  as 
much ;  but  whether  being  deluded  by  the  Ambi- 
guity of  the  Words,  or  fomething  elated  with  the 
Hope  of  being  the  Author  of  a  new  Science,  he 
gives  it  another  Turn.  /  anfwer^  fays  he,  it  is 
true^  if  the  Reafon^  which  cannot  be  exprejjed  in 
Numbers^  be  taken  folitarily^  that  its  Denominator 
cannot  be  reprefented  Geometrically,  But  I  here  in* 
terpofe  that  it  may  always  be  exhibited,  by  taking 
any  Quantum  for  the  Confequent  *,  which  will  per- 
form the  fame  Office  that  Unity  commonly  does  in 
reprefenting  or  exhibiting  the  Denominators  of -Ejfir 
ble  Reafons  \  nor  is  there  any  thing  peculiar  in  this 
Refpeft  to  Reafons  effkble  in  Numbers.  But  Vin-^ 
centius  proceeds.  But  if  there  be  two  or  more  given 
Reafons^  the  Denominators  of  each  may  be  affignedy 
which  may  demonftrate  what  Proportion  is  between 
the  Reajons  themfelves  ;  and  this  will  not  only  be 
performed  by  two  certain  Unes^  but  by  any  others^ 
that  are  proportional  to  the  former.  Thus  he.  Since 
therefore  there  can  be  no  Quantities  of  Reafons 
Signed,  befide  fuch  Denominators ;  but  if  uken 
(imply  there   can,  though   various ;    it  follows^ 

B  b  ^  (Jjpjj^ 
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there  will  not  be  any  Qmntity  of  Reafons  abfo* 
lutcly  determinate  :  But  Pinceniius  fas  1  laid)  leein- 
ing  to  be  deceived  with  the  Obfcurity  of  Cdrtain 
Words,  jus  turned  ihcfc  Things  befide  the   Pur- 

rfc. 
Wherefore  I  obferve  fourthly^  that  the  only 
Foundation,  upon  which  the  Po(5lriJie,  wc  arc  op-  j 
pofing  concerning  the  Quantiiies  and  Reafms  t^ 
Reafom^  depends  and  ft^ems  to  be  da!uced,  is 
fhc  cuftomary  Manner  of  fpeaking  :  7bff€  twQ 
Magnitudes  arc  equally  unequal  with  ikfe  /tt^  i  ibe^ 
arc  more  or  lefs  unequal  than  ibcfe\  torn  whence 
they  infer  dicre  are  ^aniiiies  imd  Reafms  c/  Rca- 
fins.  If  this  Rcafon  be  gmiter  tlian  ttiat,  then  Uicy 
♦arc  Quantumst  ?Jid  this  has  a  Rcafon  to  that. 
From  whence  ffays  Mr.  Hobh)  it  h  undcrfto&J  ilmt 
the  Reajcn  both  of  Exccfs  and  Defell  an^  ^^ajniiiUi 
(or  Quantums)  ds  receiving  (u  c-  a*  capable  of  be- 
ing faid  to  be^  greater  and  lejfer.  And  Vincentm 
in  the  firft  Derr^onftration  of  his  Book  concerning 
Ceotnetrical  Proportionalities^  argues  thus  :  Reafon  is 
a  certain  mutual  Habitude  of  an  Antecedent  to  its 
Confequenty  according  to  Excefs  and  Defe5l^  and 
a^iquality.  fVhen  therefore  the  Antecedent  of  one  Rea- 
fon exceeds^  or  falls  fhort  of  its  Confequenty  mare 
than  the  Antecedent  of  another  Reafon  exceeds  or  falls 
Jhort  of  its  Confequent ;  it  is  manifefi  that  one  Reafon 
is  greater  or  lefjer  than  the  other ^  as  much  as  one 
Sluantity  is  greater  or  leffer  than  the  other.  But  to 
this  plauQble  Difcourfe  I  anfwer.  In  the  ufual 
forms  of  Speech  we  are  not  to  f^ard  the  Sound 
of  the  Words,  but  the  Meaning  of  the  Speakers, 
And  it  was  juft  now  fufficiendy  (hewn  that  nothing 
can  be  conceived  by  this  Sort  of  Words,  but  that 
when  the  Reafons  of  any  Quantums  arc  reduced 
to  a  common  Confequent,  their  Antecedents  ex- 
deed,  fall  fhort  of,  or  arc.  equal  to  one  another,' 
I^OTji  as  themfelves  arc  forced  to  confefs,  no  Rea- 
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fons  can  be  eftimated  or  compared  together,  till 
fuch  a  Redudion  be  made ;  and  after  they  are  fo 
reduced,  this,  which  they  call  a  Reafon^  is  only 
known  and  denominated  from  the  Companion  of 
fhe  Antecedents,  And  thefe  Antecedents  are  by 
themfelves  called  the  Denominators  of  the  Reaibns. 
Therefore  nothing  elfe  is  neceflary  to  be  defigned 
or  undcrftood  by  the  aforefaid  Expreflions,  but 
the  Equality  or  Inequality  (J.  e.  the  Reafon)  of  the 
Antecedents.  Nor  therefore  is  the  Argumentation 
deduced  from  thefe  Forms  of  Speech  of  any  Force. 
I  faid  nothing  elfe  is  neceflary,  but  in  Fad  no- 
thing elfe  is  conceivable  -,  whence  to  put  an  End 
fo  this  Diflertation, 

I  obferve  fifthly^  whatfoever  is  vulgarly  attri- 
buted to  Realons,  that  only  truly  and  properly 
agrees  with  the  Denominators  of  Reafons,  i.  e. 
with  the  Antecedents  of  Reafons  reduced  to  the 
fame  Confequent.  The  Quantity,  they  aflign  to 
thofe,  is  nothing  elfe  but  the  Quantity  and  Reafon 
of  the  Denominators  •,  and  when  they  would  be 
thought  to  add  or  fubtraft  the  Reafons  themfelves, 
they  only  add' or  fubtraft  thefe  Denominators; 
alfo  when  they  multiply  or  compofe,  divide  or 
refolve  them,  it  is  the  fame.  This  will  appear 
to  any  who  attentively  examines  the  Propofitions 
of  Vincentius^  which  are  indeed  compofed  with  cx- 
quifite  Labour,  and  are  propofed  univerially,  and 
lawfully  demonftrated  according  to  his  Definitions 
and  Hypothefes  -,  but  if  any  one  take  them  parti- 
cularly, as  meant  concerning  Numerical  Reafons, 
he  will  find  his  whole  Dodbrine  to  terminate  in  this. 
That  the  Addition  and  Subtraftion,  Multiplication 
and  Divifion,  and  Comparifon  of  Fraftions  as  to 
Proportion,  are  delivered  as  numerical,  or  as  they 
are  Quotients  found  by  Divifion.  And  what  a 
numerical  Fradtion,  or  Quotient  of  Divifion  is  in 
Arithmetics  tiie  lame  is  the  Denominator  of  any 

Reafoa 
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Reafon  in  Geometry  i  u  t.  any  MagninidCj  fo  af- 
feftcd>  is  referred  to  the  homogeneous  Magratude  par 
in  the  Place  of  Unity »  as  a  numerical  Fra&ioR  or 
Quotient  to  Unity*  Wherefore  Vincmiius  farms  to 
profecutc  nothing  clfc  but  Aritlimctical  Fradions, 
^nd  the  Denominators  of  Geometrical  Rofons  an- 
fwering  ihcm  i  to  which  he  afcribes  all  the  Proper- 
ties  agi^ng  with  Rcafons  tliemfelves,  Ex.  gK 
Suppofe  the  two  Numerical  Reafins  of  3  to  5  and 
of  7  to  3,  the  Denominators  of  thefe  Rcafons  will 
be  the  Fraiflions  f  and  ^  (fincc  f  to  i  is  as  3  to  5  ; 
and  ^  to  I  as  7  to  3  ij  or  by  reducing  the  iaid 
Fraftions  to  a  Commm  Denmninator^  the  Denomi- 
nators of  thefe  Rcafons  wiU  be  the  fraftcd  Num^ 
bers  -r*T  ^^  f  r  Therefore  when  he  added  thefc 
FraftionstD,  orfubdufted  them  from,  one  anocher^ 
when  he  multiplied  or  divided  the  one  by  the 
other,  and  when  he  exhibited  theu-  Proportion  %  he 
pretended  to  have  added  or  fubtrafted,  multiplied 
or  divided  the  faid  Reafons  themfelves,  or  to  have 
exhibited  their  Reafon.  That  great  Man  therefore, 
as  Tacquel  thinks,  did  not  frame  any  new  Science 
about  Proportions,  but  only  fafhioned  the  old  Doc- 
trine in  another  Model,  and  that  not  over  appofite, 
and  delivered  it  in  new  Words  -,  which  yet  he  has 
enriched  with  many  Theorems  invented  by  him- 
felf.  And  as  we  have  faid,  it  is  common  to  him 
with  the  reft,  that  embrace  this  Doftrine  {viz.  con- 
cerning the  Reafons  and  Quantities  of  Reafons,)  to 
confound  Reafons  with  numerical  Fraftions,  while 
they  are  medling  with  Numbers  -,  and  to  handle 
the  fame  by  their  Denominators,  while  they  are 
confidering  other  Reafons.  Which  they  fometimes 
do  openly,  and  in  exprefs  Terms,  but  oftner  other- 
wife.  Mr.  Hobbs  does  often  take  notice  of  this, 
and  reprove  it  in  his  Antagonift:,  bqt  it  appears 
that  he  himlelf  is  not  altogether  free  of  th#  fame 
Fault  i  for  it  is  the  l^me  Thing  to  attribute  Reafoa 
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to  Reafons,  as  to  account  Reafons  the  lame  with 
their  Denominators,  or  at  leaft  to  fpeak  nothing 
and  infignificantly  ;  for  they  mean  this  or  nothing. 
But  this  may  fuffice  in  fome  meafure  for  explaining 
and  confirming  our  Opinion,  that  Reafons  have 
no  Quantity  properly  fo  called,  nor  are  they  truly 
compared  together,  as  to  Reafon.  From  whence 
we  will  deduce  fome  Confeftaries.     As 

Firfi^  hence  will  be  eafily  decided  the  Queftion 
which  Euclid  terms  concerning  the  Compofttion  of 
Reafons^  whether  it  is  more  righdy  accounted  the 
Addition  or  the  Multiplication  of  Reafons  :  for  from 
what  has  been  faid,  with  Refpeft  to  the  Thing  it- 
felf,  Reafons,  as  void  of  Quantity,  can  neither  be 
added  nor  muldplied  ;  but  as  to  the  Manner  of 
Speech,  becaufe  when  Reafons  are  faid  to  be  com- 
pounded their  Denominators  are  multiplied,  it  is 
manifeft  that  Reafons  are  more  righdy  faid  to  bp 
multiplied  than  added.  As  alfo,  when  one  of  the 
Denominators  divides  the  other,  the  Operation  will 
be  more  juftly  called  a  Divijion  than  a  SuhtraSion 
of  Reafons.  Though  it  has  obtained,  to  have  the 
former  Operadon  called  Addition^  and  the  latter 
Suhtra£lion. 

Secondly^  Hence  is  enrirely  overthrown,  or  fully  - 
decided  the  Controverfy,  which  fome  do  agitate, 
and  which  fcems  to  have  been  raifed  by  {a)  Mer- 
fennusy  viz.  Whether  a  Reafon  of  Equality  refers^ 
or  is  equal  to  nothings  a  Reafon  of  greater  InequO' 
lity  is  above  nothings  and  a  Reafon  0/  leffer  Inequa- 
lity below  nothing.  For  in  Truth  fince  no  Rea- 
fon is  a  Quantity,  the  fundamental  Hypothefis  of 
this  Queftion  falls  to  the  Ground,  and  the  Queftion 
itfelf  along  with  it.  But  fiom  the  Hypothefis, 
that  the  Aflfeftions  of  the  Denominators  are  to  be 
applied  to  their  Reafons,  it  alfo  appears  moft  evi* 


{a)  L)  Pneftt  ad  Cogit.  Phjrfioo-Mat. 
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ckntly^  thai  the  Rcalons  of  AGmrity  and  Efuality 
arifc  above  nahing.  For  the  DcnomiiutOT  of  a 
Icflcr  Rcafbn  is  always  fomc  Qumdty  )e&  than  the 
ConfcqucnE ;  and  coiifcquerttly  in  Arithm^c  is  a 
Part  or  Fraftion  Icfs  than  Unity,  And  the  Ante- 
cedent of  an  equal  Rcafon  being  always  adequate  to 
the  Confequent,  its  Denominator  in  Arithmetic  is 
denoted  by  Unity.  Nor  is  any  Thing  &nhcr 
required   for  the  Dccifiori  of  this  Queftion. 

Thirdly^  Hence  b  cafily  rcfijtcd  all  that  Mab^ 
miui  advances  againft  the  ancient  as  wcU  as  mo- 
dem Geometricians^  in  a   Stile  but    too   indecent 
and  unmannerly.     As  when   he  affirms,    riiat  a 
fuhmuUtpk  Realm  is  the  fan^e  with  a  muliipk  Rea- 
fm^  becaufc  of  the  fame  Difiance  frmn  Equality, 
For  bdidcs  that  the  Diftance  is  not  the  fame  (for 
how  far  is  a  Dcfeft  from  an  Excefs,  or  a  negative 
ftom  a  pofitive  Diftance,)  it  wiH  fofficicntly  ap- 
pear  by  reducing  thofe  Reafons  to  a  common  Con- 
fequent  (which  we  have  fo  often  (hewn  to  be  ne- 
ceffary  for  the  Comparifon  of  Reafons,^  that  the 
Denominator  of  a  fubduple  Reafon  will  be  leffer 
than  a  Denominator  of  a  double  Reafon,    by  a 
quadruple  Reafon  :  For  if  the  common  Cbnfequent 
be  2,  then  will  the  Antecedents  be  i  and  4.    And 
when  he  concludes  that   Reafons  of  Excels  and 
Defeft  cannot  be  compared  together,  he  is  cvi* 
dendy  miftaken,   for  thefe  as  well  as  any  other, 
may  be  compared  by  Help  of  the  Denominators. 
Alu>,  when  he  fays,  that  a  leffer  Reafon  only  can 
be  taken  from  a  greater  (he  would  have  faid  more 
righdy  a  lefler  divided  by  a  greater,  as  was  pre- 
nionifiied,J  he  is  plainly  in  the  Wrong  :   for  what 
hinders  the  Denominator  of  a  leffer  Reafon  to  be 
divided  by  the  Denominator  of  a  greater,  either 
Arithmetically  or  Geometrically  ?  Again  he  miftakes, 
ivhen  he  pronounces  the  Reafon  of  Something  to  a 
greater  to  be  often  greater  than  the  Reafon  of  the 

fame 
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fame  to  a  leiler ;  as  that  the  Rea(bn  of  4  to 
7  is  greater  than  the  Reafon  of  4  to  5  ;  and  con* 
fequently  that  the  Names  of  Greater  and  L^Jer 
Reafon  are  hitherto  ufed  amils  by  all  Geometri- 
cians. For  if  we  reduce  thefe  Reafons  of  4  to  7 
and  4  to  5  to  the  fame  Confequent,  by  fubftituting 
ex.  gr.  the  Equipollent  Reafons  of  20  to  35  and 
28  to  35,  it  is  apparent  that  20  is  lels  than  28, 
and  confequently  the  Reafon  of  4  to  7  leis  than 
the  Reafon  of  4  to  5.  And  hence  it  appears  uni- 
verially  that  the  Appellations  of  Greater  and  Lef-^ 
fer  Reafons  are  moft  fidy  applied  by  the  Ancients  1 
viz.  becaufe  they  are  lawfully  dmved  fix)m  the 
Quantities  of  the  Antecedents  after  Reduflion,  as 
the  Reafon  of  the  Thing  requires  \  from  whence 
both  the  Reafons  themfelves  are  difcovered,  and 
receive  their  Denomination,  and  are  at  all  capable 
of  being  any  way  compared  or  comprehended. 
Wherefore  it  is  alfo  abundandy  clear,  that  the 
fame  Perfon  has  no  folid  Reafon  for  oppoling  the 
Definiuons  of  Euclid  as  felfe.  For  if  any  Reafon 
be  greater  than  another,  which  himfelf  does  not 
deny  fand  if  none  be  properly  greater,  which  I 
think  to  be  the  Truth  but  for  Argument  fake 
will  not  infift  upon  it  -,)  I  fay,  if  any  Reafon  be 
fuppofed  greater  than  another,  that  furely  will  be 
molt  worthily  called  Greater j  whofe  Demoninator 
is  greater,  and  which  is  named  fuch  by  Euclid^ 
and  is  notoriouAy  circumfcribed  in  the  Definidon, 
and  diflinguifticd  from  others.  With  the  fame 
Eafe  are  all  the  Paradoxes  difpatched,  which  that 
Perfon  has  fuggeited  contrary  to  the  common 
Sentiments  of  Gecwnetricians. 

Nor  laftlyj  will  that  Logomachy  that  is  fo  to(&d 
about  be  very  troublefome  to  us,  about  Multiple 
and  Multiflicate^  Double  and  Duplicate^  T'riple  and 
triplicates  and  the  like  Reafons.  For  from  what 
]^  been  delivered,  it  manifeftly  appears  that  ex. 
6  gr. 
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#r.  wlm  b  called  DupGidU  Rmfm  b  not  die 
Doubfe  of  the  Reafon  with  which  it  b  coeiparedf 
iU  the  Rcafon  of  die  Kumbcx  9  to  t  ts  noc  doti* 
bit  die  Reafon  of  3  to  i,  bccaufc  du:  comn^on  Con* 
fiqtjefK  of  dide  ReaTons  cadltingt  die  DeoomiQaBtf 
of  die  one  9  b  noc  eqtiil  to  double  die  Denotni'^ 
mtor  of  the  cxhcr  j.  From  whence  it  appears 
diat  die  MvildplkatkKi  of  fuch  Rcafom  are  named 
from  aiwdier  Caufc^  hereafter  more  coovenicndf 
10  be  ftiewji. 

I  will  only  add  dib,  di«  if  it  be  admitted, 
which  I  have  been  enckavouritig  to  provc>  ibM 
Reufam  bofoe  no  ^amtity  rf  ibemfeheSy  mr  anf 
jttr^ufes  ff  ^antily^  but  as  dicy  aiie  rrfored  to 
dieir  Denominators  1  hence  very  many  of  thb 
Kind  of  DifHcultks  will  immcdiatdy  vani£h»  many 
D*:>ubcs  be  endrtly  taken  aw2\\  or  eafily  lb! veri, 
and  many  Contentions  and  Stnies  iaia  aiicep,  which 
feem  more  to  have  proceeded  fixHn  the  Ambiguity 
fiitroduced  by  this  fatie  Hypochefis,  than  from  any 
Thing  elfc.  Wherefore  1  thought  it  not  foreign  to 
die  Purpofe  to  handle  this  Queftion  fb  laigely  and 
fiilly. 

But  becauie  Reafons  commonly  ufe  to  be  com- 
pared togetherj  and  called  equal,  greater ^  or  kf- 
fer  ;  nor  does  it  feem  that  a  Licence  was  ever  de- 
nied the  Teachers  of  Sciences  for  inventing  and 
ufing  fuch  Words  for  Clcamels  and  Brevity's  fake^ 
fo  they  be  proper,  and  give  no  Occalion  of  Er- 
ror. For  I  am  noc  willingly  difpfoving  the  Vul* 
gar  Ways  of  Speech,  but  am  inveftigating  their 
genuine  Senfe,  that  Words  may  na  hurt  Things, 
and  the  Truth  not  be  impofed  upon  by  empty 
Sounds.  Therefore  wc  will  enquire  in  the  next 
Lefture  what  is  diftinAly  fignified  by  the  Ways 
of  Speech  heretofore  admitted,  and  long  in  Ufe  noc 
without  fome  Foundation,  and  probable  Cauie,  viz. 
we  will  feek  what  Reafons  are  E^alj  Greater^  or 
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Lejfer  by  expreffing  thefe  Comparifons  of  Reafons 
in  another  manner  briefly  and  not  unel^ntly  ; 
what  is  Analogy^  what  Hyperlogy  or  Prology^  wnat 
Hypology^  and  how  they  may  be  rightly  refined  and 
diftinguiihed  from  one  another  :  Than  which  per- 
haps no  G)ntroverfy  difputed  among  Mathemati- 
cians is  more  fubde  or  of  greater  Confequence.  In 
my  Opinion  thefe  Definitions  are  beft  performed 
by  Euclid  (as  far  as  the  Thing  itfelf  will  fuflfer) 
but  to  very  many  it  now  feems  otherwife,  and  he 
is  condemned  and  forfaken  by  almoft  all  in  this : 
Whether  they  do  this  for  juft  Caufes,  and  depend- 
ing upon  valid  Arguments,  it  will  be  in  your 
Judgment  to  determine  fi-om  an  Examination  of 
what  I  (hall  lay.    In  the  mean  Time,  farcwd. 


LECTURE    XXI. 

A  Defetice  of  EuclidV  Definition  of  Propor^ 
tionals  in  bis  fifth  Book. 

IT  feems  to  be  fufficiendy  proved  in  the  pre- 
ceding Lefture,  that  Reafons  truly  and  properly 
fpeaking  do  of  themfelves  admit  no  Quantity,  no 
Reafon,  nor  therefore  can  one  be  predicated 
greater^  lejfer^  or  equal  with  Refpeft  to  another, 
becaufe  of  any  Thing  inherent  in,  or  agreeing  with 
themfelves  ;  but  thefe  Attributes  arc  derived  fi-om 
the  abfolute  Quantums  upon  their  Reafons.  But 
becaule  Cuftom  has  fo  long  prevailed  to  have 
Reafons  compared  together  like  ablblute  Quan- 
tums, and  the  Names  of  an  Equals  a  Greater^  or 
a  Lejfer  Reafon  has  obtained,  and  we  do  not  unwil- 
lingly admit  thefe  Expreflions  with  due  Caution  ) 

it 
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it  next  follows  that  wc  enquire  by  what  certain 
Sign  or  Mark  it  may  be  kiiown,  when  a  Reafon 
may  be  iaid  to  be  squal  to  another^  when  griaier^ 
when  UJffT^  i.  €.  how  a  Rcafon  can  be  defined  and 
diftiiiguiflicd  greater^  i^Jf^^  or  equal.  And  indeed 
it  fcems  pbiniy  enough  to  folJow  from  what  has 
been  iaid,  that,  if  two  Realbns  confifting  of  honKK 
gcncous  Terms  have  a  common  Confequcnt,  they 
may  be  moft  appofitely  defined  by  tfie  refpcftive 
Quantities  of  their  Antecedents,  viz,  fo  that  thofc 
arc  to  be  called  Equal  Reafam  wiiofe  Antecedent 
arcEqml*  t\iis  gnawer  tlmn  tliat,  when  the  Antece- 
dent of  this  is  greater  than  tlic  Antecedent  of  that, 
and  this  lejfer  than  that,  when  the  Antecedent  ot  1 
this  is  kflcr  tlian  the  Antecedent  of  that.  But 
fincc  it  often  falls  out  that  Reafons  of  a  difFetcnt  I 
Confequent  are  compared,  and  coniequendy  this 
Condition  fiiUs,  therefore  fome  other  univerfal  Sign 
is  required  to  difcover  the  Relation  of  thofe  Rea- 
fons, which  may  be  fufficient  for  determining  the 
Habitudes  of  all  Reafons  to  one  another.  And  we 
have  hitherto  found  it  a  Thing  of  great  Difficulty 
to  find  fuch  a  fufficient  Sign  ;  fince  various  Caufes 
hinder,  efpecbUy  two,  viz.  the  Difference  between 
Effable  and  Ineffable  Reafons  {i.  e.  the  Inconimen- 
furability  of  Quantities)  and  the  Heterogeneity  of 
the  ^erms  of  wKich  different  Reafons  confift.  For 
if  all  Reafons  were  Effable^  and  only  between  com- 
menfurable  Quantities,  an  Equal  Reafon  might  be 
the  fame  Way  defined  with  the  Proportionality  of 
Numbers  in  the  ffib  Element^  viz.  by  the  equal 
Quotients  of  the  Divifions,  and  a  Greater  and  a 
Leffer  Reafon  by  the  Inequality  of  the  Quotients 
rcfpeftively:  but  the  Incommenfurability  of  the 
Terms  of  moft  Reafons  hinders  this  fix>m  being 
univerfal,  by  which  it  happens  that  the  Divifion 
cannot  be  performed  exaftly,  nor  expreflcd  in 
common  Numbers,  nor  the  Manner  wliereby  the 
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Terms  refpect  one  another  clearly  conccivM.  Alio 
the  Heterogeneity  of  the  Terms  ot  the  Reafons  com- 
pared exclude  fome  other  Ways  devifeable,  where-* 
by  the  Refpeft  of  the  Reafons  might  be  otherwife 
defined,  which  perhaps  (hall  be  hereafter  fi  ewn. 
Hence  it  feenis'very  difficult  to  exhibit  any  driver^ 
fal  Mark^  by  which  it  may  plainly  and  certainly 
be  pronounced  concerning  the  Equality  or  Inequa^ 
liiy  of  any  two  Reafons  propofed,  whofe  Terms  are 
indifferently  commenfurable  or  incommenfurabUy  bo-- 
mogeneous  or  heterogeneous. 

Let  us  fee  then  what  fort  of  Marks  Geometricians 
endeavour  to  affign  •,  or  by  what  Means  they  at- 
tempt to  define  thefe  Refpefts  of  Reafons.  And  be-' 
caule,  if  a  good  Definition  pfan  Equal  Reafon  could 
be  conceived,  it  would  not  be  difficult  from  thence  to 
form  Dtdnmons  of  Unequal  Reafons^  greater  as  well 
as  lejfery  therefore  we  will  firil  treat  of  the  Equa* 
lity  of  Reafonsy  which  is  accounted  the  very  Soul 
and  Kernel  of  the  whole  Mathematicks,  ay,  as 
Plato  fays,  the  Chain  ofallDifciplines{a). 

We  will  begin  then  to  handle  a  Matter  of  fuch 
Confequence  from  the  very  Foundation.  An  E- 
quality  of  Reafon  in  one  Word  (for  Brevity  and 
Clcarnels  fake)  is  wont  to  be  cslltA  Analogy.  Which 
Word,  tho*  it  vulgarly  denotes  any  Agreement, 
Conformity,  or  apt  Correfpondence  of  certain 
Things  with  one  another,  foreign  tojthe  Mathema- 
tics ;  for  Inftance,  th^  Agreement  of  Speech  with  the 
general  Rule  is  by  Grammarians  called  Analogy ; 
and  the  Things  that  confpirc  in  any  common  Rea- 
fon are  by  Logicians  faid  to  be  analagous.  The 
Propofition  ana  in  the  Greek  fignifies  any  fort  of /- 
dentity.  Equality y  or  Agreement  of  Things.  Exam- 
ples are  in  the  holy  Scriptures.  In  the  fecond  of 
John^  verfe  the  fixth.    Containing  two  or  three  Ftr^ 

(a)  In  Timm. 
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kirn  (if^)  equally.  In  the  twentieth  of  MaSibav^ 
vcrfc  the  tenth,  Jnd  ibty  remwd  a  Penny  {mi) 
eacb^  or  equally.  In  the  ninth  of  Lukt^  vcrfc  the 
fouTOcnth,    Make  tbem  to  fit  d^fmn  hy  Fifiiei  in  ^ 

Company  (  d^i)  tqually.     A  nd  none  are  ignorant  that 
it  b  prclcrlbcd  to  the  Students  of  Medicine  in  the 
Compofttion  of  rhcir  Drugs,  to  rake  fuch  Meafuits 
of  fuch  or  fuch  Things  ana  i,  e,  equally.     Tlie  iame 
Way  alnidrt  arc  two  Pairs  of  Quantities  faid  to  be 
Amlagous,  when  (^ch  Pair  have  their  (Logos)  Rea- 
fon  (ana)tq\ii\l  v  and  abitraftly  fuch  an  Agrecmenr 
of  the  fame  Reatbns  is  calldl  Jnalcgy.     The  fame  is 
in  Latin  more  commonly  called  Proporiionaiiiy^  be* 
caufc  Proporlion  in  that  Tongue  for  the  moft  Part 
fignifies  the  fame  with  (Log^O  Reafon,    Tho*  Ckera 
in  his  Verfion  of  Pla$&*B  Tmtcus  tmnflatcs  the  Gredc 
Wnnl    ,'fi:  i!':^x   hv    r'uM  .^rin    Word     Prnrwrh^K, 
And  Fabius  ^intilianus  (b)  thought  Analogy  ought 
to  be  expreflfed  by  SimiUtude  or  Likenefs :  wherefore 
Analogy  or  Proportionality  by  Euclid  is  defined  a  Si- 
militude of  Reafons  ;    and  by  "Tbeon  Smyrneus  an  /- 
dentity  of  Reafons.     Tho*  in  my  Opinion  it  would  be 
better  defined  (but  it  is  of  no  great  Confequence)  an 
Equality  of  Reafons^  both  becaufe  the  Word  Simili- 
tude  is  too  loofe  and  ambiguous,  and  Identity  does 
not  fo  well  agree  with  Things  adhially  difierent 
compared  immediately  as  fuch  \  and  becaufe  other 
Habitudes  of  Reafons,  viz.  Hyperlogy  and  Hypolo- 
gy  arc  not  denominated  Majority  and  Minority  from 
Diffmilitude  or  Diverftty^  but  from  Inequality  •,  and 
laftly  becaufe  die  Denominators  of  equal  Reafons j  by 
which  the  Reafons  are  capable  of  Comparifon,  arc 
not  the  fame,  ovfimilar,  but  equal.     Yet  thefe  De- 
finitions don't  exhibit  any  certain  effential  Aflfe6Uon 
of  the  Thing  defined,  but  only  fhew  in  Part,  what 
th<;  Word  Analogy  fignifies  •,   at  leaft  they  are  fiich 

(k)  QgimiL  lib,  V.  H* 
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in  Euclid^  as  appears  from  hence,  bccaufe  he  in  his 
fifth  Element  fubjeds  it  to  the  Definition  of  Magni- 
tudes having  the  fame  Reafon  ;   Magnitudes^    liiys 
he,  having  the  fame  Reafon  are  called  Analogous  or 
Proportional  \    which  is  a  meer  Explication  of  the 
Word  Analogous.     And  immediately  after  the  Defi- 
nitions of  Magnitudes  having  an  unequal  Reafon, 
Analogy  (fays  he)  is  a  Similitude  of  Reafons.  Where- 
fore Borellus  does  not  well  conceive  Euclid's  Mean- 
ing, when  he  thinks  that  he  propofes  this  Definiti- 
on as  eflential  and  fcientific  to  Analogy^    and  ima- 
gines a  Similitude  of  Reafons  to  be  here  aflign'd,  as 
the  known  and  firft  Property  oi  Analogy,     For  he 
feems  to  have  thought  no  fuch  Thing  •,  but  fince  of- 
ten the  Word  Analogy^  or  to  be  Analogous^  more  e- 
legantly    and    concifely  expreffes  an    Equality  of 
Reafons  J  and  fometimcs   feems  to  be  ufcd,    he  was 
willing  to  explain  it,    that  licarncrs  might  not  be 
over  much  burthen'd  with  Labour,  nor  confounded 
with  Obfcurity,     Wherefore  he  does  not  defervedly 
tax  Euclid  in  fuppofing  him  to  have  delivered  that . 
Definition,  as  fuperfluoufly  and  miftakenly,    exhi- 
biting two  Definitions  ot  the  fame  Thing.     For  he 
has  really  exhibited  only  one  general  Definition  of 
Things  having  the  fame  or  equal  Reafons  by  one  of 
their  eflential  Affeftions  •,    but  what  Caufe   pray 
fhould   hinder  him  from  intimating    befides   that 
Things  having  an  equal  Reafon  are  called  Analo- 
gotis^  and  that  the  Identity  or  Similitude  of  Reafons 
may  be  alfo  defigned  by  the  Name  oi  Analogy  ?  He 
had  Cauic  enough  to  declare  the  Force  of  a  Word 
unknown  perhaps  to  moft. 

But  there  feems  to  have  been  a  Wrong  done  to 
Euclid^  becaufe  in  Clavius'Sj  and  mioft  odier  La- 
tin Editions  of  the  Elements,  the  Defcription  of -^- 
Tjalogy  is  put  in  the  fourth  Place,  which  ought  to  be 
in  the  eighth.  Therefore  that  cenforious  Perfbn 
C  c  2  ri^bxi^ 
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rightly  miflmfts  that  thb  Dcfcription  is  wrong  pla- 
ceti,  and  fjcrliap  he  Iiad  not  found  fo  much  Fauk 
with  it,    it   it  had  been  othcrwife.     Albeit  I  dorAi 
tlciiy»  but  to  any  one,  who  more  ottcntivdy  cx» 
mines  die  Definitions  of  the ^/<6  Element^  forritiliing 
fee ms  niirpkccd  in  the  Greek  thro*  the  Default  of 
Tranfcribcrs  ;  where  fore  it  is  not  now  opportune  to 
enlarge  upon  Conjcfturcs.    -And  the  rather  bcciufc 
wc  are  engaged  to  find  an  appofite  and  accurate  De  J 
finiuon  o^  an  Equality  of  Reafons,  or  jimiog}\  which" 
is  the  principal  Thing  in  this  Subjeft,     Which  wc 
will  do  after  riiis  Method.     Firft^  we  Ihall  explain 
Eii diet's  Definition,    and  Ihcw  how  it  exaftly  a- 

frees  with  all  the  Conditions  of  a  lawful  Definition  : 
econdly^  wc  will  obfcrvc  and  remove  the  Objedi*  4 
ons  brought  againfl  this  Dt^finition:  T!Ardh\  we 
will  examine  die  new  Dodrines  and  Methods  of 
fuch  as  fubftitutc  in  the  Room  of  this  Definition, 
and  aflliy  to  fhew  what  is  deficient  in  them,  and 
how  fur  tlicy  give  Place  to,  or  fail  fhort  of,  Eucli^s 
Definition. 

As  to  the  frjt  Hcad^  the  Definition  in  the  Ele- 
ments^ according  to  Clavius^  is  this :  Magnitudes 
are  f aid  to  be  in  the  Jame  Reafon^  a  firjl  to  afecondy 
and  a  third  to  a  fourth^  when  the  Equimultiples  oj 
the  firji  and  third  according  to  any  Miltiplication 
whatfocver  are  both  together  either  Jbort  ofy  equal  to^ 
or  exceed  the  Equimultiples  ofthefecond  and  fourth j 
if  thofe  be  taken^  'u^hich  anfwer  one  another  •,  i.  e.  if 
the  Multiple  of  the  firfl  Antecedent  be  compared 
with  the  Multiple  of  its  Confequcnt,  and  the  Mul- 
tiple of  the  fccond  Antecedent  with  the  Multiple  of 
its  Confequent,  Such  is  Euclid's  Definition  of 
^Proportions  ;  that  fcare-Crow  at  which  the  over 
xnodeft  or  (lothful  Difpofitions  of  Men  are  generally 
affrighted  :  they  are  modefl,  who  diftruft  their  own 
Ability,  as  foon  as  a  DiiBculty  appears,  but  they  are 
flothful  Uut  will  not  give  lomc  Attenticw  for  the 
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learning  of  Sciences  -,  as  if  while  we  are  involved  in 
Obfcurity  we  could  clear  our  felves  without  Labour, 
Both  which  Sorts  of  Perfons  are  to  be  admonifhed, 
that  the  former  be  not  difcouraged,  nor  the  latter 
refiife  a  little  Care  and  Diligence  when  a  Thing  re- 
quires fome  Study. 

But  this  Definition  may  be  conceived  in  other 
Words,  a  little  more  briefly,    and  perhaps   more 
fuitably  to  fome  People's  Capacities,    ^antities  are 
Analagousor  Proportional  Pairs  to  Pair  s^  when  any 
Equimultiples  of  the  Antecedents  are  together  always 
either  equal  to y    or  greater ^  or  lejfer  than  any  Equi^ 
multiples  of  the  ConfequentSj  ordinately.     Or  thusy 
^antities  are  Analagous^    when  the  Antecedents  be- 
ing  any  bow  the  fame  Way  multiplied^  do  perpetually 
keep  the  fame  Kind  of  Reafon  to  the  Confequents  being 
alfo  any  how  the  fame  way  multiplied.     I  havefaid 
the  fame  way  multiplied^  but  by  the  Way,  I  might 
have   faid  the  fame  way  divided  \  i.  e.  for  Equi- 
multiples I  might  have  taken  ^1^^  Aliquot  Parts ;  that 
the   Definition  be  rendered  agreeable  to  Euclid's, 
^antities  are  Analagous,  when  any  like  aliquot  Parts 
of  the  Antecedents  are  always  together  greater  than^  or 
equal  to^  or  leffer  than  any  like  aliquot  Parts  of  the 
Confequents  :    Or,  when  the  Antecedents^  being  any 
bow  the  fame  way  divided  do  together  retain  tl:^  fame 
Kind  of  Reafon^  with  the  Confequents^  being  any  how 
the  fame   Way  divided.     And  thofe   might  be  fo 
coupled  in  the  fame  Definition,    as  to  contain  dif- 
jundlively  both  Equimultiples  and  like  Parts.  After 
this  manner  families  are  Analagous  or  Proportion 
ftalj    when  the  Antecedents  being  any  bow  the  fame 
Way  multiplied  or  divided  have   always  the  fame 
Kind  of  Reafon  to  the  Confequents^    being  any  bcw^ 
&c.  Euclid^  I  fay,  might  have  formed  his  Defini- 
tion of  Proportionals  eithwT  of  thefe  Ways  with  equal 
Reafon,   as  to  the  Thing,     But  becaufc  Divifion 
f.-ems  to  be  fomething  more  intricate  tlun  Multipll- 
Cc  3  cation. 
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cuion,  and  the  Csilculus  af  Integers  is  more  fimplc, 
and  cafier  to  be  conceived^  than  that  of  Fraftbns, 
anil  n\orc  radily  difpatched  ;  therelhre  he  fccim 
dcfigncdiy  to  have  fdcfted  and  applied  EquinrnUi- 
k$^  nitlicr  than  Uke  Parti.  And  die  Oca\fion  why 
te  thus  declares  Pruporiiondity  is,  becaufc  hr  invef- 
tigated  the  generjl  Definition  as  well  ol  tliofc  equal 
Reaibns  which  confift  of  lommcnfurable  Terms,  as 
of  thole,  whoftr  Terms  are  incommcnfurabk%  and 
confequ^mly  whofc  Reaibns  tI>eiDlc!ves  arc  vMefa- 
hk  t  alfo  becaufc  the  Antecedents  of  imffabk  Rcsh 
fons  do  lb  refi>cd  their  Confequents  in  an  expliobfc 
Manner,  that  it  can  fcarce  h^  conceived  how  rficy 
do  immediately  contain  them^  or  arc  comain'd  in 
diem  ;  (hcrcforc  fome  univcxfal  Property  of  both  Ef- 
fable  ;Uk1  IncHablc  Rcafons,  conncttcd  with  Eqoa- 
jity,  and  fufficient  for  determinating  it,  ought  to  be 
icrtthed  eliirwlicre,  and  not  from  the  Way  or  Man- 
Tier  of  containing,  by  which  he  might  have  eafily 
defined  the  Equality  ofKlTable  Reafons,  and  indeed 
actually  has  defined  it,  in  the  feventb  Element  \ 
which  Property  while  he  diligently  fought  for,  ex- 
amining all,  at  length  he  confider'd,  that  fome 
Quantities  are  fo  combined,  or  connefted  together, 
or  do  fo  depend  one  upon  another,  as  to  the  manner 
of  their  Quantity,  either  from  fome  fpecial  Proper- 
ty of  their  Nature,  or  by  Reafon  of  fome  Condition 
aflum'd,  that  both  the  Equality  or  Inequality  of 
thefe  do  follow  from  the  Equality  or  Inequality  of 
thofc  ;  and  alfo  eVery  like  Increment  or  Decrement 
of  thclc,  does  carry  along  with  it  the  like  Increment 
or  Decrement  of  thofe.  Ex,  gr.  any  two  Triangles 
of  an  equal  Height  by  a  certain  particular  Property 
of  their  Nature,  demonftrated  in  the  firft  Elemew, 
are  fo  connected  with  their  ^ifes,  that  if  the  former 
be  any  how  encreafcd  or  multiplied,  its  Rifis  will 
be  alfo  encreafed  or  multiplied  in  like  Manner :  and 
9S  the  latter  is  encreafed  or  multiplied,  fo  in  like  man- 

4  per 
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ner  is  its  Bafis  encreafed  or  multiplied  :  as  alfb  if 
the  former  Increment  or  Multiple  be  greater  than 
the  latter,  the  one  Bafis  anfwering  to  it  will  be  great- 
er than  the  Bafis  of  the  other  Increment  or  Multiple*, 
if  that  be  leffcr  this  will  be  leflcr  -,  if  that  be  equal 
this  will  be  alfo  equal.  Again,  any  two  Wholes, 
with  their  aliquot  Parts,  becaufe  of  that  aflumed 
Condition  of  Likenefs^  are  fo  connected,  that  all  the 
Multiplications  of  the  one  do  include  and  convey 
along  with  them,  the  like  Multiplications  of  the  o- 
ther  refpedively  ;  and  if  the  Multiple  of  the  former 
Whole  exceed,  fall  fhort,  or  equal  the  Multiple  of 
the  latter  -,  then  the  Multiple  of  .the  Parts  of  the  for- 
mer will  alfo  do  die  fame  with  the  Mukiple  of  the 
Parts  of  the  latter.  This  when  our  Author  confi- 
der'd,  and  moreover  found  it  to  happen  otherwife 
in  Quantities  otherwife  aflfcfted,  ex.  gr.  as  we  IhaU 
fhewhereafter,  in  Triangles  of  a  different  Height, 
from  the  Excefs  of  die  one  the  fame  Way  multiplied 
with  its  Bafis  above  the  Multiple  of  the  other  is  ne- 
ver infer'd  the  Excefs  of  its  Bafis  above  the  Bafis  of 
the  other  the  fame  Way  multiplied  with  the  other  : 
neither  if  the  Wholes  be  compared  with  their  unlike 
Parts,  from  thence  becaufe  the  former  equally  mul- 
tiplied with  its  Parts  exceeds  fome  Multiple  of  the 
latter,  will  it  any  Way  follow  that  therefore  the 
Multiple  of  the  Parts  of  the  former  exceeds  the  Parts 
of  the  latter  equally  mulriplied  with  its  Whole? 
Thofe  Things,  I  fay  again,  v/hcn  Euclid j  or  who- 
ever elfe  was  the  Author  of  thefe  Definitions,  obfer- 
ved  and  faw  the  faid  Property  to  agree  with  all 
Kind  of  Quantities  promifcuoufly,  whether  com- 
menfurate  or  incommenfurate,  tho'  no  Confiderati- 
on  of  any  Commenfurability  or  Incommenfurability 
there  intervenes  i  hence  he  thought  that  the  mutual 
Refpedls  to  one  another  of  the  Reafons,  happening 
to  Quantities  fo  affefted,  are  to  be  ellimated  and 
defined  froip  it.  Clavius  thinks  that  our  Author, 
C  c  4  whca 
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when  he  firft  perceived  this  ProprScty  ta  hap|)cn  to 
any  com mcnl urate  Quantities   ac  die  Tame  Time 
finding  it  to  agree  wit  It  any  four  inconifnenlurare 
Quantities,  from  thence  by  his  own  Authoritf  rec-  1 
kon'd  PnporiknaUty  in  general  to  be   determined 
from  it.     But  I  rather  im  line  to  think,    when  he 
found  that  to  happen  not  only  to  analogous  Terms  of  J 
an    Ertabic  Realon   fo  denominated  according  to  ^ 
fome  former  Definition  \  but  alfo,  as  I  have  hinted, 
to  all  that  are  CDnne£led  togetJier  by  the  fpecial  Pro- 
perty of  their  Nature,  or  by  an  affunied  Condition^ 
he  imagined  that  the  Ilabimdcsof  Reafons  of  this 
Sort  were  to  be  diftinguiflicd  by  it  from  others  v 
which  he  called  the  yii^t^  or  iqual^  bccaufc  if  at  any 
Time  it  happenM  tor  fuch  Reafons  to  luvc  or  ht 
capable  of  limg  any  Way  reduced  to  the  iame  Gjn- 
fcquent,  their  Antecedents  were  always  equal.     Al- 
beit perhaps  the  Author  of  this  Definition  reafbnM 
thus  with  himfelf ;  it  is  feen  from  a  confufed  Notion 
of  Equality,  as  that  feems  to  carry  with  it  the  high- 
eft  Similitude  of  Reafons,  that  die  Antecedents  in 
the  fame  Kind  of  Reafons  are  referred  together  to 
their  Confcquents.     But  if  the  Antecedents  be  bah 
multiplied  by  any  one.  Number,  it  plainly  appears 
that  this  Likenefs^  as  to  the  Kind  of  the  Reafon,  is 
never  changed,  fince  thofci  Terms  encreafe  the  fame 
Way.     And  if  the  Confcquents  be  alfo  multiplied 
by  any  one  and  the  lame  Number,  the  fame  Like- 
nefi  willftill  remain,  and  the  fame  Kind  of  Reafon 
l^e  retained  on  either  Hand  :    tho%  as  the  multiply- 
ing Numbers  are  aflumed  greater  or  Idler,  are  the 
particular  Quantides  of  the  Reafons  thus  unchangc- 
?able,  varied,  encreafed  and  diminifhed  innumerable 
Ways  i    fo  that  often  the  Antecedent  Terms  are  e- 
qml  to  the  Confcquents,   often  fliort  of  them,   or 
exceed  them  more  or  lefs.     Perhaps  that  fagacious 
Man  has  reached  the  bottom  of  this  Afthii*,   and 
from  thence  drawn  i|S  tjiis  Definition  by  this  fort  of 
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Difcurfus,  which  is  fomething  Metaphyfical,  but 
not  very  obfcure.  But  by  whatfbever  Ways  or 
Means  the  Author  came  to  the  Knowledge  of  this 
Property,  however  as  its  Invention  was  moft  fubtle, 
fo  is  ifeUfe  excellent  and  very  opportune  to  the 
Matter  propofed  ;  for  from  hence  he  deduces  moft 
of  the  principal  general  Affedions  of  Proportionals 
moft  immediately,  dircdlly,  briefly,  and  clearly  ; 
and  alfo  fhews  the  Proportionalities  of  particular 
Quantities,  which  we  (hall  fpeak  of  hereafter. 

But  firft  of  all  let  us  explain  the  foregoing  Defini- 
tion. The  appofite  general  Condition  is  chiefly  and 
efpecially  notable,  according  to  any  Multiplication  : 
for  it  is  not  fufficient  for  the  Equimultiples  of  the  ho- 
mologous Terms,  thus  aflrefted  (viz.  to  exceed,  fall 
Ihort  of,  or  be  equal  together)  to  happen  fometimes, 
but  it  muft  be  evinced  by  manifeft  Arguments  to  fall 
out  always.  It  muft,  I  fay,  be  evinced,  not  from 
any  perpetual  Induftion  (Indudlion  being  a  Thing 
of  infinite  Labour,  and  not  agreeing  with  the  Ma- 
thematics) but  muft  be  derived  by  an  univerfal  De- 
monftration,  from  fome  efliential  Property  of 
Particular  Quantities  or  Ufc  founded  in  Ibme  pe- 
culiar Conditions  fuppofed  or  difcover'd  of  fome 
more  univerfal  Quantities.  This  fimultaneous  De- 
feol^  Excefs^  or  Equality  may  in  ibme  C^fes  happen 
to  Quantities  not  proportional,  but  it  happens  to 
Proportionals  alone  univerially,  neceflarily  flowing 
from  their  Conftitution,  and  confcquently  may  and 
ought  to  be  univerfally  demonftrated  of  them,  that 
their  Proportionality  and  Agreement  with  this  Defi-^ 
nition  may  appear.  But  this  Definition  cannot  be 
better  illuftrated  than  by  Exampl(ts,  by  which 
Means  it  will  appear  moft  evidently,  that  this  Con- 
dition really  agrees  to  moft  Quantities,  and  that  this 
Definition  may  be  eafily  applied,  as  not  being  diffi- 
cult to  be  underftood,  and  yet  apt  enough  for  Ufe. 
We  will  begin  with  more  particular  Examples. 

4  Let 
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Let  there  be  twoTrangles  (a)  ZAB  and  YMN 
of  aneqiul  Height,  or  between  the  Hime  Paratlds, 
upon  the  Bafo  AB  and  MN.  Here  air  thcnAre 
two  Quantities;  viz.  Two  Tmngles  ZAB  and 
YMN  and  two  B^ifes  AB»  MN^  to  which  f  affirm 
the  Condition  of  our  Definition  happens.  For  let 
the  Antecedent  Terms  be  any  Way  equally  niulti- 
plied  at  Plcafure,  viz,  the  Triangk  ZAB  and  its 
Rifis  AB.  Ex.  gr.  according  to  the  Number  Tlrr^ 
by  affuming  (he  Kight  IJncsBC  and  CD  cqiial  lo 
AB,  and  drawing  the  R kht  Lines  ZC  and  ZD ;  for 
ir  anjxr.m  from  the  Equ2ky  of  d\c  Eifw  AB,  BC, 
and  CD,  that  the  Triangtes  ZiVB,  ZBC,  and 
ZCD  arc  alth  ctnnl.  In  like  manner  kt  the  Con- 
lemicnts,  viz.  the  Trlmglc  YMN  and  its  Bafis 
MN  be  muUbtied  equally  ar  Pleafurc*  fuppgfc  with 
the  Number  9tt?o,  by  taking  the  Right  Line  NO= 
MN^  and  ccmni^tngthc  Right  Line  YO,  Then 
from  wKu  is  dcmonitrnred  in  the  firft  lilcment,  it 
moft  plainly  appears,  if  ZAD  the  Triple  of  the  An- 
tecedent Triangle  exceed  YMO,  and  the  Double  of 
the  Cnnfequent  Triangle^  that  AD  the  Triple  of  the 
Antecedent  Bafis  will  alfo  exceed  MO  the  Double  of 
the  Confequer.t  Bafts  •,  and  if  a  Dcfeft  be  there,  a 
Defeft  will  alfo  be  here  -,  if  an  Equality  there,  an 
Equality  will  be  found  alfo  here.  Therefore  thefe 
four  Quanriries  obtain  the  Condition  required  in  this 
Definition,  nor  is  this  drawn  from  any  induftion, 
bur  from  an  univerfal  Difcurfiis. 

Again  let  there  be  a  Circle  whofe  Center  is  Z,  (b) 
and  two  Angles  at  the  Center  AZB  and  MZN 
ftanding  upon  the  Arches  AB  and  MN:  it  may  be 
fhewn  that  the  Condition  of  this  Definition  alfo  a- 
grees  with  thofe  Angles  and  Arches.  Let  any 
Multiple  of  the  Arch  AB,  fuppofe  the  Triple  AD, 
be  afliimed,  and  let  ZD  be  connefted.     It  appears 

(a)  Fig.  6.  (b)  Fig.  7. 

from 
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from  the  third  Element^  that  the  Angle  AZD  is  al- 
fo  tripk  the  Angle  AZB.  Then  let  any  Multiple 
of  the  Arch  MN  be  taken,  fuppofe  the  double  MO, 
and  let  ZO  be  connefted.  In  like  manner  it  appears 
that  the  Angle  MZO  is  double  the  Angle  MZN. 
But  if  the  Angle  AZD  exceed  the  Angle  MZO  ; 
from  what  is  demonftrated  in  the  third  Element,  the 
Arch  AD  will  alfo  exceed  the  Arch  MO  ;  and  if 
that  equal  that,  alfo  diis  will  equal  this  ;  but  if  a 
Defeft  be  there,  alfo  a  Defed:  will  be  here.  There- 
fore it  is  (hewn  that  the  faid  Condition  agrees  with 
thefe  Quantities  by  a  certain  univerlal  Demonftra- 
tion. 

Furthermore,  for  I  fhall  add  fevcral  Kinds  of 
Examples  for  a  more  perfeft  Explication  of  this  Sub- 
jeft  -,  Let  there  be  two  Spaces  Z A  and  XM  {a) 
run  tliro'  with  an  equal  Velocity  by  a  Body  moved 
unifonnly  in  different  Times  reprefented  by  the 
Line  ^<»  and  ^  ju.  I  fay  the  foremention'd  Condition 
will  agree  with  thefe  Spaces  and  Times  ;  for  let  a- 
ny  Spaces  AB  and  BC  be  affumed  equal  to  ZA, 
and  as  many  Times  a  fi  and  ^  y  equal  to  ^  « .  And  let 
the  Space  XNbc  equimultiple  of  XM,  and  the  Time 
I V  of  the  Time  |  ^.  It  is  plain  that  ^y  is  the  time  of  the 
Paflage  through  ZC,  and  |  v  is  the  Time  of  the 
Paffage  thro'  XN  :  viz.  from  the  Definition  of  an 
uniform  Motion,  according  to  which  the  Spaces 
run  through  in  any  equal  Times  are  equal ;  and 
contrarily  the  Times  are  equal  in  which  equal 
Spaces  are  made.  Alfo  becaufe  of  the  equal  Ve- 
locity from  the  Hypothcfis,  if  the  Space  ZC  be 
greater  than,  leKTer  than,  or  equal  to  the  Space  XN, 
will  the  Time  ^  v  be  in  the  fame  Order  refpeftivcly 

freater,  equal  or  lefler  in  refpeft  of  the  Time  |  v  ? 
rom  whence  it  is  apparent  that  thefe  four  Quanti- 
ties are  to  one  another  according  to  the  Condition 
jajd  down  in  our  Definition. 

(a)  Fig.  8. 

Again, 
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Again,  if  that  be  affumed,  which  is  agreeable  to 
Reafon  as  well  as  Experience,  tliat  die  MomenG  or 
motive  Powers  of  Wciglus  are  lb  cncreafed  or  di-  i 
niJnifhed  according  to  their  Diftances  from  the  Ccn-^ 
tcr  of  a  B.ilance»  that  tlie  equal  Increments  or  De- 
cuements  of  tlie  Diftancesdo  fupcradd  to,  or  dcdud 
from,  the  fame  Weights,  equal  Moments  \    hence 
it  will  be  proved  according  to  this  Definition,  thar 
the  Moments  of  equal  Weights  atie  proportional  to 
their  Diftances;  As  if  the  Point  Z  be  the  Center  (*) 
of  a  Balance,  upon  which  equal  Weights  arc  hung 
sit  the  Intervals  ZA,  ZM  and  the  Right  Lines ^^^^e,   1 
l^  do  reprefcnt  their  Moments  according  to  the   I 
txvX  Diftanccs  \    any  Equimuhiples   being  taken    \ 
ZC  and  ^y  of  ZA  and  (m\    it  appears  from  the 
Suppofiiionjult  now  laid  down,  tliat  ^yh  tlicMo-    - 
mcnt  of  the  Weight  hanging  at  the  Dlftance  C   * 
And  likewiic  the  Equimultiples  ZN  and  ^^v  being  ta- 
ken of  ZM  and  ^Uy  it  appears  that  ^*  is  equal  to  the 
Moment  of  the  fame  Weight  hanging  at  N.     But 
if  ZC  exceed,  equal,  or  fall  (hort  with  refped  to 
ZN,  alfothe  Moment  ^  y  will  alio  correfpondently 
exceed,  equal,  or  fall  fliort  with  refpeft  to  ^i'.  There- 
fore the  Quantities  ZA  and  ZM  are  proportional  to 
^«,    {,a,    according  to   Euclid's  Definition.     By 
like  Means  may  this  Condition  be  adapted  to  any 
particular  Subjcfts,  as  far  as,  after  this  Condition  is 
drawn  from  any  Property  of  the  Quantities  propo- 
fed,  thciv  Proporlionality  may  be  demonftratcd  by  it. 
Bat  more  Examples  may  be  fuggefled  of  univer- 
fal  Quantities,  /.  e.  of  fuch  as  are  confined  to  no 
Species  of  Quantity,  to  which  this  Definition  may 
be  accommodated  by  realbn  of  fome  Condition  an- 
nexed.    As  if  any  two  equal  Quantities  be  taken  A 
and  B,  and  any  other  two  equal  to  them  C  and  D  ; 
It  will  be  demonflrated  that  A  and  B  are  proportion 
nal  to  (^  and  D.  For  it  may  be  eafily  deduced  from 

(h)  Fig.  9. 

ch.i« 
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this  Condition  of  Equality,  either  Way  fuppofeJ, 
that  this  Property  agrees  with  them.  The  whole 
fiflb  Element  almoft  confifts  of  fuch  Examples  ; 
nor  is  there  any  other  Thing  handled  there,  but 
to  the  End  that  this  Property  may  be  fhewn  to 
agree  with  all  Quantities  endowed  with  a  certain 
Condition,  and  from  thence  that  the  Name  of  Pro- 
portionality is  due  to  them.  Wherefore  I  will 
dwell  no  longer  in  bringing  more  fuch  Examples, 
after  I  have  only  added  one,  from  whence  it  ap- 
pears almoft  univerfally,  that  moft  Definitions  fub- 
ftituted  by  others,  /.  e.  the  Properties  by  which 
others  define  the  Analogy  of  Quantities  may  be 
deduced  and  demonftrated  from  this  Definition. 

Let  any  two  Pairs  of  Quantities  A,  B  and  C, 
D  be  proportional^  according  to  this  Definition,  f.  e. 
let  the  Rcafon  of  A  to  B  be  equal  to  the  Reafon 
of  C  to  D :  I  fay,  it  follows,   that  the  Quantity 
A  divided  by  B  is  equal  to  the  Quantity  C  divided 
by  D,  i.  e.  that  AfFecftion  agrees  with  them,  from 
which  Euclid  m  the  Jeventh  Element  has  defined  the 
Analogies   of  com menf urate   Quantities,    and    by 
which  fome  alfo  think  the  Proportionality  of  Incom- 
menfurate   Quantities   may    not  be  inconveniendy 
defined.     Forafniuch  as  if  A  and  B  ex.  gr.  be  fup- 
pofed  incommenfurate,  then  A  cannot  be  fo  divided 
by  B  as  to  have   a  rational  or  effable  Quotient, 
yet  fome  fuch  Quotient  may  be  really  underftood 
after  a  confufed  Manner,  which  may  differ  from 
a  rational  Quotient  afiigned   by   a   Quantity  lefs 
than  the  leaft  Quantity  afiignable,  both  as  to  Ex- 
cefs  and   Dctecft.     Nor  confequently  do  we  deny, 
but  any  Divifion  alfo  of  incommenfurate  Quantities, 
and   a    Quotient   not  diftinftly   etfablc,    may   be 
conceived  :    nay  we  willingly  allow  this,  that  the 
univerliility  of  the  fubfequent  Argument  may  ap- 
pear the   more,     Thefe  Things  being  noted,  re- 
peating the  former  Hypothefis,  I  fay,  if  according 
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to  our  Dcfinirion  A.  B ; ;  C,  D^  then  will  ^=|^* 
If  you  deny  ic,  let  tlierc  be  an  Excels  on  cidjcr 
Hand  I  ex.gr.  let  ^ — :=g*     L^  X  be  tmiiu* 

Slicd  by  fonnc  Number  M,  nil  MX  be  more  ihaji 
L  Which  may  be  done  from  that  moft  clear 
Axkxn^  that  GcomcmLians  alTumc  with  Jrcbi* 
meits^  vh.  Any  Quantify  may  be  taken  fo  oltcn 
that  its  Multiple  taken  fa  otttn  may  exceed  any 
affigned  Quantity  of  the  fame  Kind.  It  apjxars 
therctbrc  tliat  B  may  be  lb  multiplied  by  jbmc 
Number  N,  tliat  NB  caniKJt  be  exceeded  by  MA, 
but  may  be  exceeded  by  MA-[-MX,  bccaufe  MX 

AH-X     C 
is  greater   than  once  B.     But    bccaule  —^ — — ^ 

fix>m  your  Hypothefis,  then  multiplying  both  Sides 

of  the  Equation  by   the  feme   Number  M,  will 

MA+MX     MC  ,        .     ,.  . ,.       ,     ,    ^. . 
~ =-  -  :  and  again  dividing  both  Sides 

of  the  Equation   by  the  fame  Number   N  will 

MA+MX^MC      Therefore  becaufe  it  was  fhewn 

NB  ND 

that  MA-t-MXcrNB  will  MC  be  ctND.  For 
when  two  Fraftions  are  equal,  if  the  Numera- 
tor of  one  exceeds  its  Denominator,  the  Nu  • 
merator  of  the  other  will  exceed  its  Denominator 
alfo,  otherwife  they  will  be  unequal,  contrary  to 
the  Hypothecs  •,  the  one  being  greater,  and  the 
other  leflcr  than  Unity.  Becaufe  therefore  it  is 
proved  that  MC  is  cND,  but  MA  Is  not  [tNB, 
it  appears  that  according  to  our  Definition,  A  is 
not  to  B  as  C  to  D :  which  is  contrary  to  the 
firft  Hyppthefis.  Therefore  our  Adverlary  is 
wrong  in  denying  that  A  divided  by  B  is  equal  to 
C  divided  by  D.    Q^  E.  D. 

And  now  from  thefe  Examples  it  evidently  ap- 
pears Firft ^  that  this  Definition  depends  upon  an 

HYI^othcfis 
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Hypothefis  clearly  pofliblc  viz.  fuch  as  is  demon- 
ftrated  by  innumerable  Examples,  and  is  not 
feigned  without  Grounds,  but  aftually  is  •,  or  that 
the  Condition  of  this  Definition  really  agrees  with 
many  Quantities.  Secondly^  that  this  Property  is 
lb  univerfally  extended,  as  not  to  be  hindered  by 
any  Incommenfur ability^  or  Heterogeneity  of  Quan- 
tities :  fmce  neither  thefe,  nor  their  Oppofites,  viz. 
Commenfurahility  and  Homogeneity^  were  at  all  con- 
fidered  in  its  Application,  Thirdly^  that  this  Pro- 
perty neceflarily  flows  from  Nature,  or  is  intimately 
conjoined  with  the  fpecifical  Condition  of  the  Quan- 
tities to  which  it  is  attributed,  and  confequently  is 
not  remote  from  their  Eflence,  as  Proportionals. 
For  it  is  always  fhewn  to  agree  with  the  Quantities 
propofed  by  their  Definitions,  as  fo  conditioned, 
or  by  fome  principal  and  eflential  Properties. 
Fourthly^  that  this  Definition  is  not  barren,  nor 
unprofitable,  but  the  fruitful  Mother  of  Conclu- 
fions  about  Subjefts  both  general  and  particular. 
For  the  whole  fifth  Element  depends  upon  it,  and 
whatfoever  is  any  where  proved  in  the  Elements  of 
Geometry  about  Proportionalities.  Fifthly  I  add, 
that  neither  is  it  troublefome  nor  tedious,  but  be- 
gets moft  of  its  Conclufions  with  a  great  deal  of  eafe. 
For  by  it  the  firfl  and  principal  Proportionalities 
of  Quantities  are  drawn  and  demonftratcd  imme- 
diately and  direftly,  without  any  unneceflary  Cir- 
cumftanccs.  Sixthly^  that  from  this  Definition  are 
eafily  enough  deduced  both  thofe  AfFeftions  by 
which  others  make  their  Definitions,  and  the  re- 
maining Afteftions  which  thofe  draw  from  their 
own  Definitions  -,  and  confequently  again,  that  this 
Property  is  moft  intimately  conjoined  with  the  Na- 
ture of  Proportionality.  Seventhly^  I  add,  becaufc 
of  the  Calumny  of  InduBion^  that  no  IndutJion 
appears  here  -,  but  the  Difcurfus,  which  is  here 
ufed,  confifts  altogedier  of  univerfol  Propofitions, 

and 
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and  flows  from  Ufiivcrfil  Principles.  Nor  do  1 
fee  how  any  one,  who  will  but  moderately  attend 
to  fo  many  clear  Examples^  ^^n  l^ftly  acoile  this 
Definition  of  Euclid  not  on!y  of  Incomprrhrnfi-  J 
bility,  but  even  of  the  Icaft  Obfcuriry  or  Difficulty :  " 
But  aU  Knowledge  of  all  Things  Utris  dlBcult 
to  a  Uzy  Mind,  as  flir  as  it  requires  Attention. 
This  is  a  common  Vice  to  us,  that  wc  defire  to  g 
live  void  of  Care,  and  cfj:>ecia]ly  to  obtain  Know-  f 
ledge  without  Labour.  But  what  finally  hinders 
but  fronn  a  juft  Perception  of  thefc  Things,  noc- 
wirhitanding  the  Oppofition  of  fome,  we  may 
boldly  pronounce,  tliat  the  Mark  and  Title  of  the 
bcft  DeBnitions  agrees  with  this  Definition  of  fir- 
iUd  ?  For  it  moft  appofitdy  agrees  with  the  prin-  I 
cipai  Laws  of  a  good  Definition,  wliich  are  found  I 
ngrecabtc  to  Reafon  and  Exptricnce,  Since  it  cle- 
jKnds  upon  an  Hypothefis  moft  evidendy  poflible, 
iliftinguilhes  its  Subjeft  from  all  others,  exhibits 
an  Affeftion  of  it  as  fuch,  ncceflary,  eflentia],  and 
reciprocal,  from  whence  the  other  AfTefUons  may 
be  deduced ;  and  confequendy  is  ufeful  for  draw- 
ing Conclufions,  and  begetting  Science  -,  and  laftly, 
fince  it  maybe  eafily,  clearly,  and  direftly  applied 
to  Things,  and  transferred  to  Ufe :  Befides  which, 
I  have  hitherto  fcarce  obferved  any  other  Laws, 
Conditions  and  Properties  of  a  good  Definition  j 
which  becaufe  they  all  agree  with  our  Definition, 
I  fear  not  to  pronounce  it  very  good.  This  will 
more  plainly  appear  fi"om  repelling  the  Weapons 
with  which  our  Adverfaries  do  angrily  oppofe  us, 
which  fly  in  fo  thick  a  Cloud,  and  are  flung  with 
fo  ftrong  ^  force ^  that  the  prefcnt  Lefture  not  be- 
ing fufficicnt  to  receive  them  •,  therefore  wc  will 
attempt  them  in  the  next. 
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LECTURE    XXII. 

jin  Artjiver  to  the  ObjeSiims  againji  Euclid'i 
Definition  of  Proportionals. 

IN  our  laft  we  endeavoured  to  expound  Euclid'% 
Definition  of  Proportionals^  and  defend  it  with 
fome  preparatory  Arguments.  But  becaufe  moft 
of  the  Moderns  do  either  greatly  oppofe,  or  quite 
rejeft  it  (fome  indeed  as  a  Propofition  fimply  falfe, 
but  more  as  a  bad  Definition  •,)  it  remains  that  I 
clear  it  from  the  Accufations  they  bring  againft  it. 

And  firft  of  all  Ramus  has  taken  it  in  the  worft 
Scnfe  \  ytt  fo  as  plainly  to  (hew  that  he  pronounced 
unadviledly,  and  without  a  right  Undcrftanding 
of  the  Matter.  Firft^  he  fays  it  is  very  dubious 
and  falfe  ;  which  indeed  is  a  mere  Calumny,  pro- 
ceeding from  nothing,  but  a  moft  grofs  Error  : 
viz,  becaufe  he  does  not  righdy  underftand  what 
is  meant  by  exceeding^  falling  Jhort^  or  equalling  to- 
gether (or  ftmultaneoujly)  according  to  any  Multipli- 
cat'wn.  Since  Euclid  moft  exprefly  requires  it,  as 
a  Mark  of  Proportionality^  that  a  perpetual  Si- 
multaneity  of  Excefs^  Defe5l  or  Equality  in  all  Re- 
fpefts  be  proved  concerning  the  Equimukiples  of 
the  homologous  Terms  •,  but  becaufe  it  falls  out, 
that  Quantities  not  Proportional  do  fomerimes  ob- 
tain certain  fuch  like  fimultaneities^  he  therefore 
accufes  Euclid's  Propofition  of  Dubioufnefs  and 
Falftty  •,  and  what  can  be  more  fpitcful  or  weak  ? 
To  produce  fomething  parallel  from  a  common 
Subjeft :  Suppofe  any  one  (hould  define  or  defcribe 
a  Food  Man.  for  one  who  compofes  and  conforms 
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sdlhis  Adions  according  to  die  Ride  ofrq^jhtKoc 
fon  ;  does  he  ^nreaken  dm  DRfcription  becnfe  a 
hoi  Man  does  ibinediaeftVAAidni  ttdhnifaie  m 
Reafon,  or  fomedmes  ads  joUy  and  fdxrijr? 
Nay  it  fufficieDtly  <ijfHD8|w<h(tt  4  jflood  Mm  ftom 
a  bad,  to  &y,  in  a  mdrA  Saife»'  that  tfaetemer 
a&s  according  to  the  Pidb^  of  ^HRue  0 
and  pa-petuaUy  /  but  die  lacnr  inc^^ 
dngently.  In  Uke  manmir  aSb  liefe^  a  ^ 
Simultaneity  diftingmlhcs  Pmtrtimds  ftom  ^_  . 
fwtionals  wUcfa  do  not  mm  k  neainStfS 
perpetually  i  nOrdoes  ft  any  Waf  1mit-<iiirIjeiU 
nition)  becttwe khappcni inxuipes lO incAk  Bifc 
befides  that  A^'AimeiiSi  and  ddier  moft  findoli 
ancient  Gcomtidicklis  We^  boQc  ihdar  & 
ftradons upon  a  fidfe  Foundadon,  tndft tsf diento^ 
dcm  Impugncrs  of  this  Definition,  as  fudi,  do  op- 
pofe  it  under  this  Pretence,  that  it  is  demonftrable, 
I.  e.  neceffarily  true :  and  confequently  Tacautt^ 
Borellusj  and  Hobbs  have  demonftrated  it  from 
their  own  Principles,  and  Clavius  himlelf,  as  to 
Numbers,  from  Eucli^s  Principles.  So  far  is  this 
Propofition  from  being  falfe,  or  Ramuf%  Accuia- 
tion  from  juft. 

But  Ramus  infifts  upon  thefe  Wonis ;  For  Prth 
portion  (fays  he)  is  not  accurately  enough  concluded 
from  that  triple  Difference^  fince  there  is  a  moft  fcdfi 
Sophifm  in  that  Argument  (but  you  would  do  well 
to  fhew  me  where,  O  Ramus  :)  An  equal  Suhtenfe 
(you  fay)  fubtends  an  equal  Periphery y  a  greater  a 
greater^  andaleffer  atefs.  Therefore  (viz.  ^ccordinR 
to  Eucliah  Definition)  Subten/es  are  proportions. 
fVhich  Ptolemy  (you  fay  right;  ConjeSlures  to  be 
falfe.  But,  O  excellent  Cenfiirer,  this  Alimen- 
tation is  as  far  from  the  Purpofe,  as  the  Hea- 
ven is  from  the  Earth.  For  what  Application  is 
here  of  Euclid's  Definition  ?  What  mention  of 
Equimultiples  ?  What  here  has  any  Affinity  or 
^  Likends 
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Likcnds  to  thefc,  to  deduce  the  Proportionality  of 
Peripheries  with  their  Subtenfes?  For  no  fuch 
Thing  either  is  or  can  be  gathered  from  our  Defi- 
nition righdy  underftood.  The  contrary  indeed 
follows,  and  is  righdy  gatfiered  by  Ptolemy  himfelf 
fi*om  the  PropoTuions  of  the  Elements  derived  from 
hence,  and  firom  Euclid*s  fubfequent  Definidons  of 
Jkin  to  it. 

But  left  we  fhould  be  thought  to  fay  this  without 
Proof,  we  will  give  a  moft  eafy  Inftance  (Fio.  X.) 
Xiet  there  be  two  Arches  2 A  and  ZM,  the  for- 
mer a  Quadrant,  ^and  the  latter  a  Seftant  of  the 
whole  Circumference^  I  fay  the  Arches  ZA  and 
ZM  are  not  proportional  to  their  fubtenfes  ZA 
.and  ZM,  according  to  our  Defirytion.  For  kc 
the  Antecedents  ZA  be  multiplied  by  the  Number 
Four^  and  the  Cbnfequents  ZM  by  the  Number 
Six  ;  it  is  apparent  that  the  ^adtuple  of  the  Arch 
of  the  (Juadrant  ZA  is  equal  to  the  Sextuple  of  the 
Arch  o?  the  Seftant  ZM,  (ince  each  Multiple 
equals  the  whole  Periphery  of  the  Circle.  But  the 
,S^adrupU  of  the  Chord  ZA  is  lefs  than  the  Sex- 
tuple of  the  Chord  ZM,  1.  e.  the  Perimeter  of  a 
Square  infcribed  within  a  Circle,  is  lefs  than  the 
Perimeter  of  a  Hexagon  infcribed  within  the  lame : 
Therefore,  according  to  Euclid's  Definition,  the 
Peripheries  ZA  and  ZM  are  not  proportional  to 
their  Chords.  Which  was  the  Thing  to  be  proved, 
together  with  the  Weaknels,  and  (pardon  the  Word) 
Impertinence  of  Ramus*s  Inftance.  In  the  mean 
while  we  may  wonder  at  fuch  a  licentious  Cenfo- 
rioufhefs  as  this  trifling  Talkative  Man,  not  to  fay 
worfe,  is  wont  to  ufe  againft  the  ancient  Geome- 
triciims. 

But  he  difputes  farther.  That  Jhould  there  he  no 
fuch  Sophifm  fas  indeed  I  interpofe  there  is  not)  yet 
nothing  will  be  defined  in  this  Definition  ("Why  fo 
pray  i)  for  neither  here  (fays  hej  will  it  be  taught 

D  d  2  ^b^ 
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n^Zy?  tbey  an  promiwnd^  ha  an  Murmuim  <f  Pr^ 
porthnals  will  %f  pr^p^td.  lafify  ibis  DepMiSi^ 
wiU  tiocb  that  ibe  fimti  Term  »e  prpprftmd^ 
wbcfe  alternate  MuMjm  an  pr^erticml.  There* 
fin  the  Hyfterologia  is  twufdd^  &c,  ftit  with 
what  Eyes  has  he  fecn  or  read  any  Attemmm  of 
Proportionals  propofed  here?  Where  is  found  the 
leaft  Appearance  of  Proportionality  of  Multiples  ?  1 
I  fee  indeed  an  Excefs^  hefeSi  or  Equality  of  Equi-  " 
muldples  ;  but  I  can  perceive  no  Mark,  no  Fooc- 
ftep  of  Alternation  or  Prf>partionatity.  Is  not  this 
to  treat*  or  rather  dream  of  Things,  in  a  difor- 
derly  Manner?  How  comes  he  for  fuch  poor 
Caufcs  and  ftilfe  Arguments  to  brand  thofe  vene- 
rable Perfons,  with  Notes  of  Fallacy,  Sophiftry, 
and  Abfurdity,  and  dcfemc  thofe  Builders,  and 
firft  Propagators  of  the  Sciences  with  fiich  uncivil 
Contumdies  -,  without  whom  peiiiaps  this  mighty 
Artift  at  Trifles  had  had  nothing  but  Fables  to 
apply  his  wonderful  Logic  in  the  Refolution  of? 
Which  had  been  done  nwre  innocentlv  and  iafely, 
than  in  inveighing  fo  furioufly  agdnrc  fiich  Men. 
Indeed  I  can  fcarce  moderate  my  Indignadon,  but 
ufe  him  as  he  deferves,  and  return  thofe  Railings 
more  ftrongly  upon  his  own  Head,  which  he 
throws  againft  the  Ancients.  It  would  be  trouble- 
fbme  to  mention  what  he  objedb  befides,  with  the 
like  Acutenefe  and  Skill ;  which  plainly  proves 
nothing  elfe  but  this,  that  it  is  entirely  dif!erent 
to  compofe  Lexical  Methods,  and  to  judge  of  the 
Myftcries  of  the  Sciences.  But  fome  he  concludes 
peremptorily,  and  with  the  utmoft  Afllirance, 
ff^erefore  (lays  he;  fucb  a  Definition  is  mite  taken 
away  from  the  Mathematics.  I  reply.  Except  it 
be  Ihaken  with  ftronger  Machines,  it  will  con- 
tinue fixed  to  Eternity,  and  never  be  removed  ftom 
ihe  Madiematics. 

But 
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But  leaving  him,   let  us  encounter  Tacquet^  a 
Man  of  a  more  fagacious  Perception,  who  as  he 
engages  us  more  modeftly,  fo,  as  it  ufually  falls 
out,  more  ftrongly,  and  with  a  greater  Shew  of 
Prohability.     Let  us  then  hear  what  he  fays  j   Ftrft 
Cfays  \it)  it  is  certain^   that  the  Nature  of  equal 
Reafons  is  not  explained   by  that  Definition^   but 
cnhf  fome  Affe£lion.     I  return  firft^  that  no  Etefini- 
tion  explains  the  Nature  of  any  Thing  otherwifc 
than  by  afligning  fome  neceflary  and  reciprocal 
Affeftion  of  it,  as  is  done  here.     If  he  can  (hew 
any  fuch,    I  (hall  not   unwillingly   give  up  the 
Caufe  •,    but  if  he  cannot,    as  I  am  confident  he 
cannot,    then  he   involves  all  Definitions  in  the 
fame  Fault,  and  ftrikes  them  with  the  fame  Wea- 
pon.    He  who  defines  a  Circle  from  the  Parity 
of  its  Radii ^  a  Triangle  from  the  Concourfe  of  three 
Right  Lines  including  Space^    a  Square  from  the 
Equality  of  its  Sidesy  and  Rectitude  of  its  Angles^ 
what  does  he  elfe  but  explain  the  Nature  of  thofe 
Figures  from  certain  of  their  AfFeftions  ?  Secondly j 
I  Sy,  that  there  neidier  is,  nor  can  be  conceived 
any  fuch  Nature^   as  he  feigns  and  fuppofes  dif- 
tindt  from  fuch   neceflary  AfFeftions  or  prior  to 
them.     To  have  fome  fuch  Affedtion  is  the  Na- 
ture itfelf  of  a  Thing,  is  eflfential  to  it,  and  con- 
ftitutes  it.     At  leaft,  which  is  all  one,  to  have  a 
certain  Complication  of  Afie6tions  fo  connefted,  as 
every  one  to  imply   and  neceflarily  draw  along 
with  it  the  reft,  does  truly  conftitute  the  Nature 
of  every  Thing.     From  whence,  he,  who  fays  a 
Thing  has  fuch  an  Aflfeftion,    explains  the  Na^ 
ture  of  that  Thing.     Ex.  gr.  a  Circle  is  a  Figure 
having  equal  Radii  j  or  a  Figure  of  fuch  a  Nature 
as  to  have  equal  Radii :  where  to  have  equal  Ra* 
dii^  is  the  very  Nature  of  the  Circle  ;  or  at  leaft 
to  have  equal  Radii^  ana  other  concomitant  Affec-- 
$ions  entirely  contains  and  declares  the  Nature  of  if. 

Dd3  Kik 
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^s  alfo  !6  have  right  Angles  al  the  Cirmmffrencefitk- 
tendi^  the  Di^meter^  or»  any  other  reciprocal  Af- 
feftbn,  does  equally  exprefs  the  Nature  of  a  Circle. 
They,  who  imagine  or  feck  for  other  Natsres  of 
Things,  do  oily  impofc  upon,  and  delude  them-  I 
fclvcs,  by  purfuing  ajttr  fleet  and  i^anifhing  Oil- 
mcra's,  never  to  be  perceived,  or  overtaken.  There* 
fore  Euclid^  when  te  exhibited  a  fU€effary  Affeaim 
of  Propcrtiomls^  did  abimdantly  declare  and  ex- 
|>lain  their  Nature^  as  much  as  is  ufual  and  capable 
of  being  done.  And  confequcntJy  the  Faft  feems 
enough  for  this  Objection, 

Moreover  Jar^irr/ purfucs  us  with  another  twofold 
Argument  1  iVifx/,  iays  he,  tbm  Prtferty  ef  MuU 
tipki  is  brought,  either  as  an  infaUible  Sign  &f  eptat  ■ 
Renfins^  tb<it  whenfoever  it  is  demmjlrated  cpncem-  j 
ing  any  Reafins^  wc  may  certainly  if?fer  that  they  art 
fqual  ;  or  elfe  that  is  bis  Senfe^  that  be  would  have 
Magnitudes  bearing  the  fame  Reafon  to  mean  nothing 
hit  that  their  Multiples  exceed^  or  are  exceeded  in  the 
aforefaid  Manner,  I  anfwer  Both  are  true  ;  it 
is  both  produced  as  an  infallible  Sign^  and  exhibited 
as  an  ejential  and  dijlinguijhing  Cbaraffer  of  Propor- 
tionals. Which  two  Things  indeed  have  no  real 
Difference,  and  do  agree  with  every  good  Definiti- 
on. For  there  is  no  infallible  Sign  of  any  Things  hot 
its  effential  Attributes.  Every  Thing  may  be 
ftript  of  all  Things,  but  its  effential  Attributes^  nor 
confequently  can  any  Thing  not  effeniial  indicate  the 
certain  Prefence  of  a  Thing.  Ikjt  our  Adverfary 
oppofes  both  feparately,  in  diefe  Words ;  Albeii 
firjl  it  muji  be  demonjlrated  that  that  Affeaion  is  in  all 
fqual  Reafonsj  and  them  alone^  that  the  Equality  of 
Reafons  may  be  certainly  inferred  from  it.  But  that 
Theorem  is  not  common^  which  neither  Euclid  nor  any 
ajter  has  demonjlrated.  I  anfwer,  that  here  is  art 
unjuft  and  impoffible  Law  fixed  upon  Euclid^ 
4nd  other  Audwrs  of  Definitions,  m^  That  die^ 

dcmoQ^ 
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demonftrate  the  Predicate  of  a  Definition  to  agree 
with  its  SubjeSl  •,  which  they  arc  neither  able  nor  o- 
bliged  to  demonftrate,  but  to  afliimc  gratis,  i.  e. 
impofe  at  Pleafure  the  proper  Name  of  the  Subject 
upon  the  Attribute.  Is  it  incumbent  upon  me  to  de- 
monftrate the  Name  of  a  Circle  to  agree  only  with 
Figures  having  equal  Radii?  No  furely,  butofmj^ 
own  Authority  I  aflign  the  Name  of  a  Circle  to  all 
thofe,  and  them  only.  Juft  the  fame  Way,  at  his 
own  Pleafure  (tho*  not  rafhly,  and  imprudendy, 
but  for  certain  juft  and  proper  Caufes,  which  I  have 
mentioned  more  than  once)  docs  Euclid  attribute  the 
Name  of  equal  Reafons^  to  all  Reafons  endow*d 
with  the  faid  Property,  and  to  them  only  -,  he  ap- 
propriates the  Appellation  of  Proportionals  to  Quan- 
tines  obtaining  that  Condition  :  whence  became  of 
this  Name  of  equal  Reafons  and  proportional  ^an^ 
tities  it  muft  juftly  be  thought  to  agree  with  all  thofe, 
and  thofe  only.  For  it  is  eftablifhed  by  a  moft  juft 
and  neceflary  Law,  that  as  it  is  a  Right  belonging 
to  Teachers  of  Sciences  to  impofe  Names,  fo  Learn-: 
crs  are  obliged  to  receive  them.  There  is  only  one 
Thing  that  the  Author  of  a  Definition  is  bound  to 
demonftrate,  {viz.  by  Examples  clear  to  the  5enfe, 
or  by  an  evident  DifcurfusJ  which  is  that  the  Attri- 
bute of  the  Definition  contain  nothing  impoflible  or 
merely  imaginary,  but  that  the  Things  endowed 
with  the  fuppofed  Property  or  Condition,  may  re- 
ally exift.  As  he  that  defines  a  Circle  fi-om  the  Pa- 
rity of  the  Radii  (for  I  purpofely  ufe  the  moft  cafy 
and  familiar  Examples)  is  obliged  to  demonftrate 
nothing  elfe,  but  that  it  is  not  repugnant  for  fuch 
Figures  to  exift  wherein  that  Property  agrees.  Which 
he  can  moft  clearly  fhew  from  their  Generation,  by 
the  Circumduftion  of  a  Right-line,  or  otherwife. 
Thus  finceit  can  be  very  cafily  and  plainly  proved,  * 
and  is  every  where  aftually  done  by  Euclid^  where 
}}e  applies  diis  Definition  to  any  determinate  Subjedb,- 
c  D  d  4  \2k^ 
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that  there  arc  Quantities  to  which  the  Hypothcfisof 
this  Definition  may  a^cc^  therefore  nothing  is  re- 
quired further  'y  and  it  is  fupported  by  the  bcft  Au- 
riiority ,  to  affix  the  Name  of  Praforiianais  to  ai!  chefc 
Quantities,  and  to  them  only. 

But  becaufc  he  fubjoins,  ibis  Properly  to  happen 
lo  Proporiimah^  that  that  fbearem  is  mt  c&mm&n  : 
I  anfwer,  repeating  what  was  heretofore  expound- 
ed, that  in  Reality  every  Definition  is  a  Theorem  ; 
viz.  a  Propofidon  demonftnible  from  odier  Dcfiniti- 
csjis  of  the  Subjefl;,  or  from  other  reciprocal  Affidi-  ■ 
ons  before  attributed  to  theSubjedt :  AJfo  on  the  | 
contrary »  that  every  Theorem  may  be  formai  in- 
to a  Definition,  if  it  confift  of  a  perfoicuous  Exam* 
pic,  or  include  a  poflible  Hypothdis,  Wheidbrc 
becaufc  this  Property  may  be  infer*d  from  other  Dc-  | 
finitions  ^  Proportmh^h.  ;ind  a  Theorem  conftiEu- 
ted  ftx)m  thence  j  nothing  derogates  or  hinders,  but 
that  it  may  enter  a  lawfiil  Definition :  as  neither  per- 
mutably,  becaufe,  as  has  been  (hewn  fix)m  this  De- 
finition, the  Property  may  be  deduced,  from  which 
^acauet  himfelf  rather  defines  Proportionality  \  and 
conlequcndy  becaufe  its  Definirion  may  put  on  the 
Form  of  a  Theorem,  does  that  any  Way  hinder, 
but  its  Definition  ought  to  be  thought  juft  and  law- 
ful -,  tho*  other  Things  perhaps  may  hinder.  But 
if,  by  his  faying  the  Theorem  is  not  common,  he 
intimate  as  tho*  this  Definition  is  drawn  with  diffi- 
culty from  the  Definirion  and  Principles  laid  down 
by  himfelf,  he  does  nothing  to  the  Purpofe.  For 
it  is  not  requifite  to  the  Perfeftion  of  a  Definirion 
that  the  Property  applied  in  it  do  eafily  follow  fix>m 
other  Principles  however  pofited.  For  by  the  fame 
Means  will  his  own  Definition  merit  the  Tide  of  a 
Theorem  not  common,  becaufe  it  will  be  no  eafy 
Thing  to  derive  it  from  all  other  Definitions  -,  in 
particular  not  from  our  own.  Nor  next  is  itftrangc 
that  this  Theorem  is  dcmonftrated  neither  by  Eu^ 
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clidy  nor  any  other,  bccaufe  they  have  affumed  it 
for  a  Definition,  and  accounted  it  as  a  Principle  fub- 
fervient  for  demonftrating  other  Theorems  •,  for 
whoever  attempted  to  demonftrate  his  own  Princi- 
ples ?  Wherefore  I  make  no  Account  oi^acquefs 
Difcourfe  elfewhere  in  thefe  Words ;  The  Demon- 
ftration  indeed^  fays  he,  of  which  Buftnefs^  fmceit 
is  fufficiently  difficult  and  prolix^  as  anon  we  Jhall 
find  in  Reality  \  it  will  eajtly  appear  that  Euclid  has 
aSed  prepojlerouflyj  who  would  take  the  firji  and  fun- 
damental Property  of  the  Equality  of  Reafons  from 
this  Property  of  Multiples  hitherto  indemonflratedj 
nvhofe  Connexion  with  the  Equality  of  Reafons  isfo  re-- 
mote  and  ohfcure.  Which  Words  I  fliall  fo  retort 
upon  the  Accufcr,  as  I  doubt  not,  but  caft  the  pre- 
pofterous  Judgment  upon  him  who  makes  it  a  Crime 
to  have  put  an  indemonftrated  Property  in  his  Defini- 
tion ;  as  if  the  Property  of  the  Subjeftin  aDefinition, 
could  without  manifeft  Contradiftion  be  demonftra- 
ted  by  him  who  defined  the  Subjeft  by*  it.  For  as 
it  is  put  in  the  Definition,  it  is  aflumed  to  be  thefirft 
Property  of  all ;  but  as  demonftrable,  it  fuppofes 
fome  prior  Propofition,  and  therefore  cannot  oe  the 
firft.  Wherefore  our  Matter  has  not  proceeded  in 
a  prepojterous  but  a  moft  dire£l  Order.  But  when  he 
exclaims  that  the  Connexion  of  this  Property  with 
the  Equality  of  Reafons  is  remote  and  obfcure,  he 
notorioufly  begs  the  Queftion  •,  for  certainly  Euclid 
fuppofes  it  to  be  moft  manifeft,  and  therefore  makes 
a  Connexion  of  that  with  this  in  defining  this  fi-om 
that. 

But  he  goes  on,  as  he  thinks,  to  prefs  hard  upon 
us  ;  If^  fays  he,  Euclid^  by  Magnitudes  having  the 
fame  Reafon^  would  only  underftand  that  their  Mag- 
nitudes exceed^  or  are  exceeded  after  thefaid  Manner^ 
wefhall  be  fecure  of  the  Things  taken  in  theSenfe  of 
tie  Definition  concerning  the  Verity  of  the  Theorems j 
but  it  will  not  appear  to  us  from  the  Force  of  Demons 
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jlratims  concerning  the  ahfcluU  Equality  of  Reafms. 
To  which  place  I  have  nothing  more  to  anfwer, 
than  that  I  am  utterly  ignorant  what  ahfilutiEqualtiy 
e/Reafons  he  here  dreams  of,  as  pre-cxiftent  and  di- 
ftinft  from  die  AfFeftions  by  which  an  EqiiaJicy  of 
Reafons  may  be  defined,  which  is  here  fuppofed 
without  any  Foundation.  An  Equality  «?/  Rfafmi 
(like  all  other  Subjef^s  confider*d  in  the  Sciences)  is 
no  otherwife  found  than  from  its  Agreement  with 
their  Definition,  vrhcthtr  Euclid's  or  any  other  De* 
finition,  that  may  be  reckonM  lawful.  Reafons  are 
therefore  moft  abfolutely  and  formally  equal,  be- 
caufe  they  have  the  Property  expreffed  in  their  De* 
finition  •,  wherefore  fmce  this  Property  Is  demon- 
ftrated  in  Eudid's  Theorems  to  agree  with  any 
Quantities,  an  Equality  of  Reafons  at  the  {ame 
Time  appears  to  agree  with  them  ;  as  when  a  Parity 
of  Radii  is  fhewn  concerning  any  Figurej  it  is  dc- 
monftrated  that  that  is  a  Circle. 

Jiht  Epifbonema  therefore  is  weak  and  vain,  with 
which  he  clofes  thefe  Argumentations.  Howfoever 
tben^  fays  he,  that  Definition  he  taken^  the  Demon-' 
Jlration  of  the  fifth  andfixtb  Books  do  totter  fo  long  as 
it  is  not  aemonjirated  that  a  true  Equality  of  Reafons 
is  conneSed  with  that  Property  of  Multiples.  Ac- 
cording to  which  Sentence  indeed  all  the  Demon- 
ftrations  of  every  Science  will  totter.  For  if  it  mull 
always  be  demonftrated  that  the  Properties  attributed 
in  Definitions  are  connefted  with  their  trueSubjedb, 
there  will  be  no  End  ofdemonftrating,  orratherno 
Spinning,  but  every  Argumentation  muft  run 
backward  ad  infinitum.  Befides  fince  himfelf  has 
afligned  a  Definition  of  Proportionality^  the  fame 
Thing  may  be  objefted  againft  him,  in  the  fame 
Words  ;  iothat  himfelf  is  bound  by  his  own  Law 
to  demonftrate  the  Property,  which  he  afliimes  to 
agree  with  equal  Reafons  ;  viz.  fix)m  feme  prior 
one,  and  that  again  from  another^  till  being  wea- 
ried 
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Tied  with  the  cndlels  Labour,  he  (hall  own  his  Er- 
ror. 

In  Sum,  I  obferve  univerfally  of  thofe  Reafon- 
ings  of  Racquet :  Ftrft^  That  he  every  where  begs 
the  Queftion,  and  commits  vicious  Circles,  arguing 
thus,  A  Property  is  not  proximate^  but  remote^  he^ 
caufe  it  can  be  demonjiratedj  i.  e.  becaufe  there  is  ^- 
^other  nigher ;  another  is  nighery  becaufe  it  may  be 
demonftrated  that  this  Property  conftitutes  not  an  E- 

Juality  of  Reafons  (i.  e.  cannot  enter  its  Definition) 
ecaufe  it  differs  from  it ^  is  not  clearly  connected  with 
ity  or  is  very  much  removed  from  its  Nature.  And 
fo  every  where. 

Secondly y  I  note  that  neither  he,  nor  moft  others, 
as  far  as  I  can  judge,  do  fufficiently  perceive  the 
Nature  of  a  Definition  ;  by  whom  nothing  is  really 
done,  but  a  Name  impofed  upon  a  Thing,  as  it  is 
the  Subjeft  of  an  AfFeftion  evidently  difcovered  by 
Senfe  or  Reafon :  but  they  devife  I  know  not  what 
abftrufe  Natures^  Effences  and  Formalities^  which 
can  never  be  brought  to  Light.  By  which,  if  we 
fearch  the  Thing  to  the  quick,  it  will  appear  that 
they  underftand  nothing  but  fome  imperfeft  and  in- 
diftinft  Conceptions,  or  Significations,  anfwering  to 
the  cuftomary  Name  of  the  Thing  defined,  which 
are  not  to  be  received  in  the  Sciences,  and  are  unfit 
for  Demonftradons  \  to  which  confequendy  no  De- 
finitions are  requifite  -,  nay  Definitions  are  to  be 
formed  by  fecluding  and  l^nilhing  thofe,  and  fub- 
ftituting  for  them  certain  Diftinft  and  clear  Ideas 
of  Things  •,  appropriating  Names  to  Things,  as 
far  as  they  are  fubject  to  certain  Afieftions  confpi- 
cuous  to  the  Senfe,  or  to  the  Underftanding. 

I  obferve  Thirdly ^  That  Tacquety  led  by  fuch  Ar- 
guments, has  afligned  a  Definition  of  equal  Reafons 
very  vicious  and  ufclels.  For  he  fays,  Reafons  are 
equaly  when  the  Antecedent  of  the  one  containsy  oris 
(ontained  in^  its  Confeytent  in  tbf  fame  Manner  as 
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ihe  yiniecedeni  of  the  other  does  contain  or  is  containd 
in  its  Confequm,    Which  Definition  only  bcgm  z    - 
grofs  and  confufed  Nodon  of  Prapcrtimaitiy  unapc  \ 
and  unfuitablc  to  beget  any  Condufion,     For  tiie 
Phrafc^    to  contain  in  the  fame  Manner^    b  dubious 
and  obfcure,  nor  is  it  really  liraiced  to  fignify  any   I 
Thing  diftinftly,  but  by  another  Definition.  There 
are  many  Manners  of  contmmng^    wMch   may  m 
fomc  Saife  be  faid  to  be  the  £imc  \    viz,  every 
greater  Thing  contains  a  kflcr  in  the  fame  Mmmr   ■ 
^  Excifi  V    and  again  any  two  unequal  Things  re-  | 
ipect  one  another  in  the  fame  Manner  of    Imjuality 
Tvith  two  other  unequal  Things.     Therefore  exccpc 
a  Mark  be  fticwn  by  fomething  more  drift  and  cer- 
tain,   what  it  is  to  contain  after  the  fame  Manner^ 
any  Idcndty  of  Manner  may  be  here  defigned^  and 
confequently  we  fhall  be  ignorant  or  Uncertain  what 
an  Equality  of  Realon  is. 

But  to  pais  by  other  Inconveniences  to  which  this 
Definition  is  fubjeft,  one  only  Exception  remains 
more  plaufible  than  all  the  rdt,  which  I  fear  ic 
will  not  be  in  my  Power  to  remove ;  not  that  it  car- 
ries any  great  Force  along  with  it,  but  becaufe  it  is 
favoured  by  the  Prejudices  of  many,  and  encourages 
Idlenefs.  It  is  propofed  by  him  in  thefc  Words  ; 
Laftly^  that  all  things  might  conftfl  with  one  another^ 
yet  that  Labyrinth  of  Multiples  has  always  been  dif- 
pleafmg  to  me  and  others^  and  has  always  created  too 
much  trouble  to  Learners^  wbofe  MinJs  are  for  the 
mofl  Partfo  embarraffed  by  it  as  hardly  to  he  extri- 
cated. Which  Capital  Crime  that  I  may  in  fome 
Meafure  remove  out  of  the  Way,  I  anlwer,  firfl^ 
we  are  to  feek  from  what  Caufes  that  Perplexity  fo 
difcouraging  to  many  can  arife  which  they  pretend  5 
whether  fi"om  the  Thing  itfelf,  which  can  admit  no 
Expofition  more  commodious  or  dear  ;  or  from 
the  Heedlefsnefs  of  Interpreters,  who  have  not  il- 
luftrated  this  Definkion  with  Examples  fufiiciently 

per- 
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perfpicuous  ;    or  laftly  from  the  Default  of  the 
Learners,  who  imagine  with  themfelves  that  the 
Difficulty  is  infuperable,  and  fo  are  difcouraged  be- 
fore they  apply  their  Mind  to  it.     If  any  of  thefe 
Things  be  tne  Occafion,  as  indeed  I  am  perfuaded 
ihey  all  contribute  fomething  towards  the  making 
this  Definition  feem  more  perple^ted,  the  Author  is 
to  be  pardorfd,    and  the  Blame  imputed  to  other 
Caufes.    The  Thing  itfelf  cannot  be  quite  excufed, 
which,  becaufe  of  the  Incommenfurability  of  Quan- 
tities, 'labours  under  fome  peculiar  Difficulty ;    fo 
that  no  Body  allows  it  not  to  be  difficult  to  find  out 
fome  Affeftion  ecj^ually  congruous  with  all  Propor- 
Honalsj  or  to  exhibit  fome  Definition  comprehend- 
ing all  Equalities  of  Reafons.    Which  alfo  appears 
from  hence,  becaule  hitherto  itfeemstohavebefal'n 
the  moft  famous  Perfons  who  have  attempted  to  ap- 
ply a  Remedy  to  this  Difeaie,  that  either  they  have 
performed  nothing  at  all  fufficient,    or  they  have 
walked  in  Ways  more  prolix,  and  not  lefs  intricate 
and  perplexed  •,   or  at  leaft  they  have  delivered  Me- 
thods worthy  of  fome  greater  Blame,  and  confe- 
quendy  the  Thing  itfelf  is  too  ftubborn  to  be  hand- 
led in  a  very  eafy  and  ready  Method.     Nor  do  I 
wholly  excufc  Interpreters  from  Blame,   not  even 
Clavius  the  bed  of  them,  who  tho*  he  has  both  ex- 
plained this  Definidon  well,   and  ftron^ly  defended 
my  Opinion,  yet  he  feems  not  to  have  illuftrated  it 
enough  with  clear  and  appofite  Examples.     For  the 
Examples  he  brings  do  rather  explain  the  Senfe  of 
the  Words,   than  reprefent  the  Poffibility  of  the 
Condidon  fup^fed,  and  its  true  Exiftence  in  Things, 
which  efpeciaUy  recommends  as  well  as  illuftrates  a- 
ny  Definition  •,    fo  that  they  confound  the  Imagina- 
tions of  Learners,  with  their  being  too  univerfal. 
Perhaps  alfo  he  is  not  exprefs  and  clear  enough 
Cwhich  is  itfelf  another  Occafion  of  Confafion)  to  the 
Intent  that  he  may  prevent  Learners  from  imagin- 
a  in^ 
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ing  th.it  an  InduSion  is  required,  or  that  infimcc 
Tryals  of  Mulripllcaticms  muft  be  run  over  in  the 
Mind,  at  which  i:  is  no  Wonder  if  they  be  alfo 
confounded  and  difcouraged  ;  though  no  fuch  Thing 
js  here  rtquifiEe,  as  we  have  often  taken  Nodcc* 
And  as  to  the  Learners  it  appears  they  are  gene- 
fally  rcx>  much  wanting  to  thcmfclvcs*  For  tfaoug|i 
the  Words  of  di  is  Definition  arc  moft  dear,  and 
void  of  aJl  Equivocations^  yet  how  few  are  they, 
who  can  hav«  fo  ntuch  Patience  as  accurately  to  1 
examine  die  Scnfe  of  three  Lines  ?  But  1  dare  Uy  " 
a  good  Wager,  and  almoft  engage  my  Word  and 
Promife,  that  to  him,  who  ferioufly  reads  over  this 
Definition,  and  gives  diligent  Application  to  the 
laft  Propofition  of  the  fixdi  Element,  k  will  not 
nppcar  perplexed,  intricate,  or  diffiodt*  Thdc  | 
Things  being  premifcd,  I  anfwcr  the  Words  of 
Tacquei  by  plainly  denying  that  here  is  any  Laby- 
rhth  to  render  die  Thing  more  inrricatc,  than  it 
is  in  itielf,  which  a  little  Art  of  the  Expounder  may 
not  extricate,  and  from  which  a  final!  Share  c£ 
Attention  may  not  free  the  Learner.  I  add,  where 
there  is  no  double  Meaning  in  the  WofXJb,  no  Pro- 
lixity, and  where  there  is  always  applied  a  nx>ft 
dlred  Difcurfus  (all  which  Things  are  found  in 
this  Cafe  to  concur,)  diere  can  be  no  great  Obfou- 
rity  or  Difficulty.    This  Definition  js  clpecially 

'  ufed  in  a  few  Propofitions  of  the  fifth  Element, 
but  every  where,  as  I  remember,  they  are  demon- 
ftrated  by  it  diredly  and  immediately.  And  where 
it  is  accommodated  to  particular  Subje£b  in  the 
other  Elements,  or  in  other  Books  of  Geometry  ; 
it  always  concludes  in  the  fame  moft  fimple  and 
direft  Manner,  and  not  as  others  do  in  their  Me- 
thods, indireftly,  or  by  reducing  the  Thing  ad  ab^ 

furdum  ;  which  Manner  of  demonftrating,  as  all 
acknowledge  is  very  obfcure  and  i^oble.  More- 
over if  wuh  Tac^uetf  we  may  affiune  what  we 

pleafe. 


Lbct.XXII.  Mathematical  Le^uns.       415 

pleafe,  as  clear  by  its  own  Light,  arid  (what  the 
ancient  Geometricians  ftudioufly  avoided)  heap  to- 
other an  immenfe  Number  of  Axioms,  indeed  the 
Thing  may  be  often  very  compendioufly  handled, 
but  yet  for  all  the  Brevity  it  gains,  and  fome  Evi- 
dence arifing  fiom  thence,  it  lofes  as  much  of  its 
Strength,  which  is  of  much  more  Concern,  and 
ought  to  be  more  regarded  in  the  Sciences.  Of 
which,  as  I  remember,  we  have  already  treated. 
Wherefore  Racquet  has  no  Reafon  to  boaft  of  the 
Shortnefs,  or  Evidence  of  his  Method :  efpecially 
fince  he  has  given  no  Definition  of  Anatcgy^  or 
what  is  next  to  none,  and  has  accommodated  his 
Propofitions,  which  are  either  taken  gratis^  or,  as 
himfelf  thinks,  demonftrated,  to  an  uncertain  Sub- 
je6t.  But  we  now  feem  to  have  fufficiently  repelled 
this  confiderable  Adverfary. 

Mr.  Hobbs  follows,  whom  we  will  very  readily 
dilpatch,  becaufe  in  the  preceding  Arguments,  we 
have  fuggefted  Solutions,  which  may  be  adapted 
to  his.  Let  us  hear  what  he  fays.  But  it  isim^ 
pqffible  to  find  four  fucb  ^antities  by  this  Defitd^ 
tioHy  becaufe  a  Multiplication  by  all  Numbers  is  im^ 
foJfibUy  fince  they  are  infinite  \  ^is  is  not  then  a 
Definition^  but  an  Hypotbefis.  To  this  Difcurliis 
I  premife,  that  this  Philofopher  miftakes  Euclid  to 
have  given  him  fo  much  Labour  in  this  Definition, 
as  if  he  treated  of  tht  Generation  of  Proportionality. 
He  neither  thought  nor  aimed  at  any  fucb  Thing, 
but  only  to  aflign  the  diftinguifhing  Property  of 
Proportionality  \  as  when  he  defines  a  Circle  ft-om  die 
Parity  of  its  Radii.  Where  perhaps  it  may  be 
worth  the  while  to  take  notice  by  the  by,  that 
though  commonly  fuch  Definitions  are  beft,  which 
exprefs  the  Generation  of  Things  (nay  indeed 
ftriftly  fpeaking  fuch  only  are  good,  when  the 
Things  defined  are  immediately,  and  as  it  were 
origiimlly  of  themfelvcs  capable  of  Generation)  yec 
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Idns  (ifi)  equally.     In  the  twentieth  of  Matthew^ 
vcrfe  the  tenth.    And  they  received  a  Penny  {dfi) 
eacby  or  equally.     In  the  ninth  of  Lukey  verfe  the 
fc)urtecnth.    Make  tbem  to  fit  daum  by  Fifties  in  a 
Company  (dvi)  equally.     And  none  are  ignorant  that 
it  is  prefcribed  to  the  Students  of  Medicine  in  the 
Compofition  of  their  Drugs,  to  take  fuch  Mcafures 
of  fuch  or  fuch  Things  ana  i.  e.  equally.     The  fame 
Way  almoft  are  two  Pairs  of  Quantities  laid  to  be 
Analogous  J  when  each  Pair  have  their  (Logos)  Rea- 
fon  (ana)  equal  -,  and  abftraftly  fuch  an  Agreement 
of  the  fame  Reafons  is  called  Analogy.     The  lame  is 
in  Latin  more  commonly  called  Proportionality^  be- 
caufe  Proportion  in  that  Tongue  for  the  mcA  Part 
fignifies  the  lame  with  (Logos)  Realbn.    Tho*  Cicero 
in  his  Verfion  of  Plato^s  TtnKvus  tranllates  the  Greek 
Word  Analogy  by  the  Latin  Word   Proportion. 
And  Fabius  9^intilitinus  (b)  thought  Analogy  ought 
to  be  exprelfcd  by  Similitude  or  Likenefs :  wherefore 
Analogy  or  Proportionality  by  Euclid  is  defined  a  Si- 
piilitude  of  Reafons ;    and  by  T'beon  Smyrneus  an  /- 
dcntity  of  Reafons.     The*  in  my  Opinion  it  would  be 
better  defined  (but  it  is  of  no  great  Confcquence)  an 
Equality  of  ReafonSy  both  becaufc  the  Word  Simili- 
tude is  too  loofe  and  ambiguous^  and  Identity  does 
not   fo  well  agree  with  Things  aftually  different 
compared  immediately  as  fuch  •,  and  becaule  other 
Habitudes  of  Reafons,  viz.  Hyperlogy  and  Hypolo- 
gy  arc  not  denominated  Majority  and  Minority  from 
Diffimilitude  or  Diverftty^  but  from  Inequality  \  and 
lallly  becaule  the  Denominators  of  equal  Reafons ^  by 
which  the  Reafons  are  capable  of  Comparifon,  arc 
not  the  fiimey  oxftmilar^  but  equal.     Yet  thefe  De- 
finitions don't  exhibit  any  certain  eflential  Aflfeftion 
of  the  Thing  defined,  but  only  Ihew  in  Part,  what 
the  Word  Analogy  fignifies  •,    at  Jeaft  they  arc  fuch 
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impoflible  from  the  Parity  of  Radii  to  find  a  Cir- 
ck,  viz.  by  attempting  and  trying  whether  or  no 
the  ioBnite  Radii  in  the  propofed  Figure  be  equal) 
yet  that  which  is  here  folely  intended  and  is  mffi-^ 
cient,  it  is  very  eafy  to  demonftrate,  that  thii 
Property  univerfelly  agrees  with  fome  Quantities 
(ex.  gr.  with  two  Parallelograms  of  the  lameHeight 
and  their  Bafes  \)  as  alfo  from  certain  given  Con- 
ditions, it  will  be  cafy  to  (hew  that  fome  Figure 
has  all  its  Rays  equal.  For  this  no  Multiplica- 
tion is  required  by  ail  Numbers,  no  infinite  Labour^ 
as  often  has  been  (hewn.  Therefore  this  Objeftion 
cfie6b  nodiing.  But  farther,  T&V,  lays  he,  is  not 
a  DefinitioHy  but  an  Hypotbefts^  indeed  a  true  one^ 
hut  not  a  Principle^  becaufe  it  is  demonjlrable^  and 
is  demonjirated  by  Hobbs.  1 3,niwtr  Jirft,  that  nei- 
ther he,  nor  any  other  has  demonflrated,  or  can 
demonftrate,  that  thofe  Qi^tities  whidi  obtain  the 
Property  noted  in  this  Definition  ought  by  Euelid 
to  be  called  Proportionals^  or  fuch  as  have  the  fame 
Reafon.  For  this  folely  depended  upon  Euclid^si 
Will  and  Pleafure.  It  is  not  therefore  altogether 
true  that  this  Definition  was  demonftrated  by  Euclid^ 
Secondly^  I  lay,  it  is  no  Hindrance  to  any  Defini^ 
tion,  that  the  Property  by  which  it  is  d^ned  can 
be  demonftrated  concerning  the  Subjeft  defined 
by  fome  other  Property  •,  othcrwife  it  would  be 
no  good  Definition.  Some  Things  indeed  endowed 
with  many  AfFeftions  may  be  conveniendy  and, 
righdy  enough  defined  many  Ways.  An  Inftance 
may  be  brought  from  the  Conic  SeSlions^  which 
fince  they  may  be  generated  various  Ways  {viz. 
by  the  Dependencies  and  different  Compofitions  of 
Motions ;  by  the  Sections  of  various  Bodies  ;  and 
by  the  manifold  Methods  of  defigning  infinite 
Points)  and  fince  they  obtain  infinite  AflFedions  in- 
timately connected  with  them,  and  on  the  Part  of 
^  Thing  eqiully  original,  and  equally  depending 


.'dn 


OK 


ri, 


it 

•of 


■y\  ev<^ry  Thing 
'!:  iias  reciprocaJ  ] 
apparent  to  us.     ' 
to  tiK^Purpofeafi 
'\ihM  only  rS 

Arithmetic,   who 

^fpicuous  enough   ^ 

"'fifiy  remote.     Tu^ 
^^  the  Jike  havinff 

.,  ^«  >ave  now  r«. 


Lect.XXII!.  MdthematicdlLeBure$.  4t0 
neither  after  a  diligent  Examination  of  his  Difpu« 
tation,  do  I  find  any  Thing  at  all  of  Mornent  de- 
rogating from  our  Definition,  to  which  abundant 
Satisfadtion  fcems  not  to  be  made  in  what  we  have 
faid  already.  Moft  Things  rather  touch  Clavius 
than  Euclid  \  and  I  do  not  look  upon  it*  to  be  ouf 
Bufinefs  at  prefent  to  defend  Claviufs  Words, 
howfoever  able.  But  fince  the  prefent  Diflcrtation 
has  already  exceeded  its  Bounds,  whatfoever  Bth 
rellus  has  produced  new  and  worthy  of  Confidera- 
rion,  I  leave  to  be  examined  hereafter,  when  I  be- 
gin my  Animadverfion  upon  the  Methods  of  him 
and  other  Modems.  In  the  mean  Time^  let  is 
fuffice  to  have  proceeded  fo  far. 

I 

LECTURE    XXIII. 

-rfffi  Anfuoer  to  BorcUus'i  ObjeSHms^  and  of  the 
Infufficiency  of  the  Definitions  of  Proportional 
lity  which  are  fubftituted  in  the  Room  of 
EiiclidV.  -^ 

y  N  the  laft  Lefture  we  have  endeavoured  to  re- 
X  pel  the  Attempts  of  fome  principal  Adverfaries 
again  Euclid's  Definition  of  Proportionals.  Borel' 
lus  remains,  who,  in  my  Opinion  is  by  far  his  mod 
confiderable  and  powerful  Opponent  *,  and  the  more 
fo,  becaufe  he  has  devifed  of  his  own  Head  a  ncfW 
Method  of  refolvmg  Proportionality  in  vain  at- 
tempted by  others,  which  we  rcadUy  own  to  be 
a  Work  very  elegant,  laudable,  and  not  unufeflil ; 
it  being  both  pleafant  and  profitable  to  handle  cho 
fame  Subjefts  various  Ways,  and  deduce  the  &mie 
Thporems  from'* different  Principles^  yet,  I  think, 
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But  he  fubjoins  the  Realbns  and  Foundations  of 
his  Opinion,  //  is  unknown^  fays  he,  whether  four 
^anlities  having  fuch  an  Affe8ion  can  be  found  in 
Nature  ;  becaufe  if  infinite  Equimultiples  of  the  An^ 
tecedents  he  compared  with  infinite  Equimultiples  of 
the  Confequents^  they  muft  exceed  together ^  fell  fhort 
together^  or  he  equal  together.  I  anifwer,  diis  is  not 
unknown,  becaufe  it  may  be  (hewn  by  clear  Ex- 
amples, that  there  are  many  four  Quantities  en- 
dowed with  the  faid  Condition.  And  if  there  were 
not,  this  Definition  could  by  no  Means  be  applied 
to  Ufe.  For  as  often  as  it  is  applied,  io  many 
Examples  of  Quandties  having  this  Property  arc 
added  to  the  Number.  It  is  the  lame  Way  un- 
known, that  there  is  fuch  a  Figure  as  has  equal 
Radii,  till  that  is  made  plain  to  Senfe  by  Genera- 
tion, or  to  the  Mind  by  fome  Difcurfus  lufficiently 
evident.  Therefore  this  firft  Argument  is  of  ho 
Force. 

Again,  ^ofe  infinite  Comparifons^  lays  he,  can- 
not  he  comprehended^  and  therefore  tins  AffeSlion 
will  not  he  moft  evident ^  as  that  ought  to  hCy  which, 
conftitutes  the  Principle  of  a  Science.  In  the  firjt 
Place^  I  admire  that  fuch  Arguments  are  ufed  by  a 
learned  Man  ;  then  ("not  to  repeat  what  I  have  oe- 
fbre  anfwered  to  the  like  Ailments)  he  mqu^res 
whether  or  no  Experience  teaches,  that  it  is  cafieft 
demonftrated  by  Euclid^  Archimedes^  and  moft  other 
Geometricians,  that  this  Property  agrees  with  ma- 
ny Qvjantities,  viz.  Triangles  and  Parallelograms 
of  equal  Heights  with  their  Boies ;  alfo  Pyramids, 
Prifms,  Cones,  and  Cylinders  with  their  Bafes  ; 
Circles  and  Spheres  with  their  (imilar  Sectors  •,  An- 
gles with  the  Arches  on  which  they  ftand  ;  Spaces 
run  through  by  an  equal  Velocity  with  their  Times  \ 
the  Moments  of  Weights  with  their  Diftance  from 
the  Center  of  a  Balance  -,  and  innumerable  fuch 
like,  How  then  can  it  be  imomprebinfible?  Se* 
£  e  3  fondly^ 
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a  Condition,  as  we  have  often  fhewn.  Next,  I 
aflc,  what  he  means,  when  he  fays,  it  is  unknown 
what  ought  to  be  gathered  ?  Here  is  not  any 
Thing  gathered ;  but  at  leaft,  it  happens,  as  it 
ufcs,  in  every  Definition,  a  Name  is  impofcd  upoft 
Quantities  endowed  with  fome  Condition  or  Pro- 
perty, viz.  the  Name  of  Proportionals ^  or  Quan- 
tities having  an  equal  Reafon  is  impoied  upon  Quan- 
tities fo  conditioned  or  affefted.  From  which  it  is 
afterwards  gathered,  if  at  any  Time  it  appears  by 
Argumentation,  or  othcrwife,  that  this  Condition 
agrees  with  any  Quantities,  that  thofe  Quantities 
are  Proportional. 

But,  he  again  makes  a  Noife  with  the  Ambages 
of  infinite  CircumJianceSj  when  no  fuch  appears; 
For  he  infifts  farther.  For  neither  Clavius  him/elf 
could  expeditely  and  by  the  Light  of  Nature  gather 
Proportionality  from  the  Affection  of  Equimultiples  in 
Commenfurable  Magnitudes^  but  he  was  forced  t9 
demonftrate  this  in  thofe  four  Proportions  of  bis  own. 
But  how  will  that  be  a  moji  evident  Affe£iion^  which 
cannot  be  accepted  in  Commenfurable  Magnitudes 
without  Demonjlration  ?  I  anfwer,  to  the  End  that 
a  Property  may  rightly  enter  a  Definition,  it  is 
no  Matter  how  it  is,  or  may  be  demonlhated  from 
any  other  prefuppofed  Property  ;  otherwife,  as  has 
been  (hewn,  no  Definition  is  good ;  for  all  may 
be  thus  demonftrated.  Secondly^  Clavius  deduced 
this  Property  from  another  Definition  of  comment- 
furable  Proportionals,  not  indeed  in  four  Theo- 
rems, but  in  one  of  four,  and  that  not  very  intri- 
catcly  or  prolixly  demonftrated  \  whkrh  I  fuppofe 
he  did  not,  becaufe  it  was  neceflary  to  demonftrate 
that  Propeny  to  make  it  reciprocate  with  this,  or 
manifeft  its  Evidence,  but  to  fhew  the  Confent  and 
Connexion  of  this  Affeftion  of  Commenfurables 
with  the  other  AfFe6lion  which  is  well  known.  For 
the  performing  or  cffeding  of  which,  he  prejudges 
Ec4  nothing 
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rabies ;  and  found  this  to  agree  with  all  univerfally^ 
therefore  ^en  he  here  entered  upon  a  general 
Treatife  of  Analogy^  rejefting  that,  he  rightly  em- 
braced this.  But  he  applied  tha[t  (I  will  not  fay 
after  or  before)  to  commenforable  Propordonals^ 
not  fo  much  for  the  lake  of  Neceflity  as  Conve- 
nience, that  he  might  feem  the  fimpler  and  eafier  to 
a  vulgar  Capacity  with  RefpeA  to  that  particular 
SubjeA.  Nor  is  it  much  to  be  wondered  at,  that 
he  chofe  the  moft  fimple  Property  for  determining 
numerical  Analogies,  fince  he  undertook  to  treat  of 
the  Theory  of  Arithmetic  ieparately  and  iixle- 
pendendy  from  others,  though  it  agreed  not  widi 
other  Analogies,  nor  was  fufficient  for  the  general 
Doftrine  or  Proportionalities.  Albeit  for  a  foil 
Defence  of  Euclid  we  might  prove  that  it  is  law- 
ful and  fometimes  expedient  (for  Variety  and  Far 
cility*s  fake,^  to  raife  particular  Dodlrines  from  par- 
ticular Principles  (however  oppofite  it  be  to  die 
common  Rigour  of  Logic)  but  this  being  befidv 
the  Qucftion  we  will  not  now  touch  upon  it.  Let 
it  fuflice  to  have  fhewn,  that,  as  our  Adverlary 
pretend^,  it  does  not  follow  from  hence,  becaufe 
Euclid  has  elfewhere  accommodated  a  particular 
Definition  to  a  particular  Subjed,  that  therefore 
himfelf  has  difapproved,  or  judged  infufficient, 
this  his  general  Definition  adapted  to  a  gqieral 
Subjeft. 

From  all  which  it  appears  that  the  Conclufion^ 
which  Borellus  fubjoins,  depends  upon  weak  Prcr 
mifes  ;  Therefore^  fays  he,  it  is  certain  that  the  Pro- 
perty of  the  fixtb  Definition  of  Proportionals  is  ob* 
jfcure  and  difficulty  becaufi  it  not  only  evidently  de- 
clares the  Nature  of  incommenfurable  Proportionals^ 
as  does  the  twentieth  Definition  of  the  fepentb  Ele- 
fnen$%  but  again^  which  is ftrange^  he  does  not  explain 
thofe  Thiffgs^  that  we  have  required  the  Foreknow^ 
Uflg^  of  concerning  the  Thing  itfelfto  be  defined.     (I 
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did  not  gather  that  Knowledge  fix)m  this  Pro- 
perty, yet  it  may  be  gathered,  immediately  and 
not  difficviltly  :  Which  I  thus  prove  by  an  indi- 
reft  Dilcurfus.  Let  A.  B :  :  C.  D  according  to 
our  Definition,  and  let  ActB,  then  I  fay  CcD^ 
If  you  deny,  let  C=  or  idD,  and  let  all  the  Terms 
be  multiplied  by  any  one  Number  M ;  then  be- 
caufc  AetB  by  the  Hypodiefis,  alfo  MActMB  ; 
and  becaufe  C^dD  will  MC-idMD.  Therefore 
according  to  this  Definition  A  will  not  be  to  B  as 
C  to  D,  which  is  contrary  to  the  firft  Hypothe- 
fis  ;  and  our  Adverfary  wrongly  denies  that  by 
fuppofing  ActB  therefore  will  CcD.  So  the 
faid  Knowledge  ("as  he  calls  it)  is  deduced  ft-om 
our  Definition,  and  the  Objeftion  of  our  Adver- 
fary anfwered. 

Who  then  (fays  the  Objeftor)  will  fay  that  the 
ftxtb  Definition  is  good  and  a  Principle  of  Science^ 
if  it  affords  a  Knowledge  ohfcure  and  impeifeEtf  To 
put  an  End  to  this  prolix  Difputation,  I  deny  not 
piyfelf  to  be  one  who  will  pofitively  affirm  (what- 
ever he  or  others  fay  in  Contradiftion)  that  it  is 
one  of  the  beft  of  Etefinitions,  a  Principle  moft 
fuitable  to  this  Science,  fuggefts  a  Knowledge  moft 
evident  and  perfeft,  and  confequently,  in  my  Opi- 
nion, overthrows  all  the  Aflaults  of  its  Adverlaries. 
And  therefore  I  defend  Euclid"^  Definition  and  the 
Doftrine  of  Proportionality  depending  upon  it,  as 
much  by  the  Probability  of  the  Thing,  as  out  of  a 
Reverence  to  Antiquity. 

In  the  next  Place  it  follows  for  me  to  dwell  % 
little  (as  I  promifed)  upon  the  Definitions  and  Me- 
thods fubftituted  by  others  •,  by  which  die  Excel- 
lence of  Euclid's  E)oftrine  will  farther  appear,  with 
what  NeccfTity  he  is  bound,  and  for  the  avoiding 
of  what  Inconveniences  he  is  led  to  own  the  Pro- 
perty fo  often  mentioned* 

The 
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The  firfi  is  the  Method  of  thofc,  who  think  s 
Similitude  er  Identity  of  Refpe^  to  be  the  moft 
known  Aflfeftion  of  Proporrionals  by  which  ir  ought 
to  be  defined*  According  to  which  they  imagine 
that  fomc  principal  Prcpofitiorts  of  the  fifth  EJe» 
ment  arc  to  be  put  for  Axioms,  bec^ufe  they  arc 
pcrfpicuous  from  their  own  Light,  and  need  no 
Proof  J  and  therefore  they  deduce  die  other  Affec- 
tions of  Proportionah  from  thofe.  That  learned 
M^xijnbannes  BenediBm  is  long  ago  faid  to  have  em- 
braced this  Opinion  \  which  (or  at  leaft  fomcthing 
like  it)  the  moft  acute  And,  Tacquet  has  very  lately 
teducod  into  a  Form  and  cmbellirticd.  WTiich  Me-B 
thod  is  acciifed  of  Infufficicncy  by  Borellus^  and  in" 
my  Opinion  labours  under  many  Defofts.  As 
/r/?,  in  fuch  Definitions  a  fboIiOi  Tautology  fceim 
to'  be  committed,  and  Propofidons  altogether  iden- 
tical put  for  Definitions  ;  as  in  this,  ^antiiiej  olh 
tain  the  like^  ov  the  fam^  Reafms^  which  have  like 
RefpeSls  in  ^antity  \  i.  e.  ("for  what  clfe  can  be 
here  meant  ?^  which  have  the  like  or  the  fame  Rea- 
fins.  Is  not  this  to  define  a  Thing  by  itfelf?  Is 
this  to  explain  die  Nature  of  the  Thing  propofed, 
or  to  lay  down  a  Principle  of  Demonftration  ?  At 
leaft,  which  is  all  the  fame.  This  fecms  to  be  no* 
thing  elfc,  but  to  define  by  a  Genus  alone,  with- 
out applying  any  Difference,  in  this  Manner,  An 
Identity  of  Reafons  is  an  Identity  of  RefpeS.  Thofe 
Things  have  the  fame  Reafons^  which  have  the 
fame  RefpeSl :  EJo  fuch  Definitions,  I  beg,  de- 
ferve  to  be  accounted  perfedb  ?  Secondly^  a  Simili" 
iude  or  Identity  of  RefpeH  are  Words  very  equivo- 
cal, and  of  an  uncertain  Signification,  impreifing 
no  diftinft  Conception  on  the  Mind  of  the  Hearer. 
For  there  are  many  Species,  and  many  Degrees  of 
Similitude  and  Identity.  Therefore  except  fome  fiir^ 
ther  Diftindion  be  invented  (i .  i.  except  Ibme  Af- 
fe^ion  be  applied,  which  is  more  known,  and  more 

3  particubr 
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particular  than  this^  nothing  will  appear  from  this 
Word.    Wherefore  Definitions  confifting  of  fuch 
lax  Terms  explain  nothing,  are  unprofitable,  and 
not  at  all  fcientific.     Thirdly^  it  can  hardly  be  com- 
prehended or  explained  in  what  Manner  incom- 
menfurable   Quantities  refpeft  one  another  %  and 
therefore  it  cannot  be  perceived  immediately  whac 
it  is  for  them  to  refpedt  one  another,  in  a  likp  or 
in  the  fame  Manner,  nor  when  they  are  afiefted 
with  fuch  a  Similitude  of  Refped.     Thus  far  J8a- 
rellus  feems  to  oppofe  Tacquet  ;  from  whence  it 
follows.  Fourthly y    that  they  who  proceed  in  this 
Method  do  neither  righdy  aflume  Axioms,  nor  de- 
monftrate  Theorems  concerning  Proportionals.   For 
how  can  any  Thing  be  affumed  or  proved  to  agree 
with  Proportionals,  when  it  does  hot  yet  appear^ 
or  is  not  clearly  conceived,  what  it  is  to  be  Pro- 
portional ?  Wherefore  this  Method  has  no  Founda- 
tion.   Not  to  infift  upon  this,  that  to  take,  and  as 
it  were  beg  many  Things  gratis^  or  iodemonftrated, 
is  derogatory  to  the  Dignity  of  Geometry,  and  in- 
troduces  too  great  a  Licence  into  the  Mathema- 
tics.    To  which  I  add  ffibly,  that  fuch  Definitions 
cannot  be  adapted  to  particular  SubjeAs,   but  the 
Proportionality  of  fuch  Subjects  is  demonftrated  by 
%  intermediate  Conclufions,  and  thofe  depending  upon 
Arguments  fufEciendy  prolix  and  intricate.     As 
will  appear  to  any  one  who  looks  into  Tacquefs  De- 
monftration  of  tfie  firft  or  laft  Propofition  of  the 
fixth  Element    The  Definition  of  Proportionals 
there  cited  does  not  appear,  but  anodicr  Propofi- 
tion of  Tacquef^  that  he  ellewhere  proves  in  a  long 
and    indiredt  Difcurfus.    Which  feems  a  certain 
Sign  to  me  of  the  Unaptnefs  and  Imperfeftion  of 
the  Definition  laid  down,  and  that  the  Method  is 
not  fcientific.     To  all  which  Dcfefls  does  Tacquet*% 
Method  feem  obnoxious,    none  of  which  can  b^ 
objefted  againft  the  Dodtrine  of  Euclid ;  where 

nothing 
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nothing  h  tTifling,  ambiguoiB,  or  incompnehcnfi-     , 
ble,  but  all  Thin^  proccol  dircftly,  arc  hipporccd     I 
firmly,  and  the  fewcft  Hypothcfes  arc  fuppofrd  ; 
and  laftly  (which  is  the  beft  Judgment  of  a  moft 
excellent  Definition)  where  Analogies  of  particular 
Subjects  are  derived  out  of  its  very  Bowels  by  an    ^ 
immediate  and  direft  Difcurfus  i  as  will  appear  to 
any  that  confults  all  its  App)icurions  in  the  Ele* 
mcnts,  or  elfcwhcrc  ;  and  panicularly  the  Ptopo- 
fidons  alledged  in  the  fimla  Book. 

But  I  liere  note  by  the  Way,  as  to  jfn^.  tacfuih 
Method,  that,  in  my  Opinion,  he  would  have 
done  far  better  if  he  had  defined  Proporlkmh  by 
that  Mark  of  PrapoHwmlUy^  which  he  brings^  and 
in  fome  fort  demonftrates  \  and  if  by  the  Help  of 
that  Definition  he  had  demonftrated  th£  odier  Ai^ 
ted  ions,  which  I  judge  (;i5  himfelf  profefTes)  tie 
was  able  to  do.  For  by  ib  doing  he  would  havd 
emulated  Euclid  and  have  proceeded  in  2l  fcientifical 
Way  \  he  would  have  avoided  moft  of  the  Inconve- 
niences we  have  mentioned,  and  might  have  been 
defended  the  fame  Way  with  Euclid.  To  which 
I  exhibit  this  cognate  and  feemingly  eafier  Afiec- 
tion  of  Proportiomlsy  on  which  fuch  Definition  de- 
pends, viz.  Sluantities  are  faid  to  be  proportional^ 
when  the  Antecedents  are  equally  contained  refpe£lively  < 
in  the  Equimultiples  of  the  ConfequentSy  or  the  Con- 
fequents  in  the  Equimultiples  of  the  Antecedents  \  or 
when  thofe  may  be  taken  jujl  fo  often  from  tbefe^  of 
the  contrary.  From  which  Definition  it  would  not 
be  difficult  to  raife  the  whole  Doffrine  of  Pro . 
portionals  in  a  Procedure  very  like  Euclid's^  but 
jn  my  Opinion  by  no  Means  more  ihort  and  clear. 
Againft  which  however  all  may  be  objefted, 
that  has  been  objefted  againft  Euclid's  Nlethod^ 
and  perhaps  fomething  befides  from  the  Incom- 
menfurability  of  the  Quantities,  fix)m  whence 
Euclid's  Doftrine  is  moit  clear  :  Wherefore  I 
3  ^^ 
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do  not  think  it  worth  the  while  to  innovate  any 
Thing, 

Having  difmifled  Racquet  and  his  Fellows,  I  will 
give  a  Glance  at  Mr.  (a\  Hobbes's  Method,  who 
thus  defines  Analogy^  (as  ne  thinks  very  accurately^ 
A  Geometrical  Reafon  is  the  fame  with  a  Geometrical 
Reafon  when  the  fame  Caufe  producing  equal  Effe£ls 
in  equal  Times  may  be  afftgned  determining  the  Rea- 
fons  of  both.  Concerning  which  Definition  I  can- 
not forbear  faying,  that  if  any  one  turn  over  all 
the  Writings  of  both  the  Ancients  and  Modems, 
I  believe  he  will  no  where  find  any  Thing,  which 
is  undertaken  to  be  illuftrated,  to  be  more  obfcure, 
or  to  labour  under  more  and  more  unpardonable 
Errors.  For  it  is  both  hard  and  difficult  to  be 
underftood  (in  my  Opinion  indeed  it  is  not  per- 
feftly  underftood  by  its  Author,^  and  contains 
Things  very  much  from  the  Purpofe ;  and  I  do 
not  know  whether  it  can  be  accommodated  to  any 
Subjefts,  at  leaft  to  very  few,  the  whole  Do6b-inc 
which  is  built  upon  it  being  fo  weak,  confufed, 
and  prepofterous  (alfo  in  fome  Things  of  great 
Moment,  falfe^  that  I  never  faw  any  Thing  like 
it  performed  m  the  Mathematics.  While  I  am 
examining  this  (which  indeed  is  rather  a  Phyftcal 
than  Mathematical)  Definition,  I  find  Nothing  that 
1  can  approve,  or  fcarce  any  Thing  that  I  can 
difprove,  confequently  it  contains  no  Explication 
or  Evolution.  It  explains  not  what  it  is  for  a 
Reafon  to  be  determined  by  fome  Caufe,  which 
is  fufficiently  obfcure  of  itfelf.  It  is  not  apparent 
why  it  puts  in  the  fame  Caufe^  fince  often  even 
the  homogeneous  as  well  as  heterogeneoiB 
Terms,  of  particular  Reafons  are  produced  by 
different  Caufes,  and  confequently  do  feem  deter- 
minable by  no  Caufes :  Nor  does  it  appear  why 

(«)  DeGprp.  13.  §.  6.  Dial.  2,  p.  49. 
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that  drttrmining  Caulc  is  by  a  ftria  Law  confined 
to  aft  uniformTy,  or  to  produce  equal  Effe&s  m 
equal  Times  J  fince  tht  Rcafons  of  Quamkis  pro- 
duced by  any  unequal  Impetus  may  bcecjual  %  there- 
fore  here  is  nothing  explained,  Agaia  it  carnioi 
be  conceived  why  a  particular  Confidctation  of 
Times  Ihould  intervene  with  a  general  Expofidon  rf 
equal  Rcafons;  Certainly  thefe  cm  be  no  Way 
necefiary  to  AmlGgy,  Ex.  gr.  When  I  fay  two 
Quantities  are  proportional  to  their  Eqmmuki* 
pics ;  what  mention*  I  aik,  can  there  be  of  any 
Caufc  producing  equal  Eficfts  in  equal  Timcs^  un* 
kfs  very  impeninently  and  out  of  the  Way  ?  When 
I  fay  a  Sphere  and  its  Circumfcribing  Cylinder  are 
proportional  to  eight  Ounces  or  a  Pound  Troy»  do 
1  ipeak  of  performing  equal  Effcfts  m  the  fame 
Times  to  determine  thofc  Reafons  of  Bodies^ 
Weights,  or  Numbers  ?  Nay,  even  when  I  am 
dcftrous  to  (hew  that  two  Times  may  be  proper* 
ttonalto  two  Spaces,  what  Caufe  performing  equal 
EfFefts  in  equal  Times  will  ever  determine  thofc 
Reafons?    Will   the  Reafon   of  the  Terms  pro- 

Safcd  be  determined  by  thefe  or  by  other  Times? 
ut  I  am  hoodwinked,  and  grope  in  Obfcuriry, 
^either  as  to  the  Application  of  this  Definition^ 
do  I  find^  any  Thing  but  mere  Darknefs,  Confii* 
fion,  and  Difcord.  The  firft  Propofirion  founded 
upon  this  Bafis,  is  as  follows.  CFio.  11.)  Let  there 
be  two  Lines  AD^^nd  AG  dejcrihed  uniformly  from 
a  moveable  Point  A  5  then  all  the  contemporary  Pairs 
of  their  Parts  will  be  proportional  to  one  amtber  \ 
i.  e.  if  AB  and  AE,  or  AC  and  AF,  bcdefcribed 
in  the  fame  Times,  then  will  AB  and  AC  be  pro- 
portional to  AE  and  AF,  or  AB.  AC : :  AE.  AF. 
Which  he  thus  infers  from  this  Definidon,  if  we 
reprefent  his  Reafoning  more  fuccinftly  and  clearly: 
Bccaufe  the  Velocity  in  AD  by  Reafon  of  the  Uni- 
formity of  the  Motion,  11  always  the  tuaCf  thtrt^ 
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fore  the  Reafon  of  AB  to  AC  is  determined  from 
the  Difference  of  the  Times  alone.     Alfo  from  a 
like  Caufe  the  Reafon  of  AE  to  AF  is  deter- 
mined from  the  Difference  of  the  Times.    But  the 
feme  Times  are  both  here  and  there,  and  confe- 
guently  the  fame  Difference  of  the  Times.    There- 
tore    the  fame  Caufe  determining  thofe  Reafbns 
may  be  afligned.     So  far  I  underftand  fomething  ; 
but  he  fubjoins  farther.     And  the  Caufe  which  thus 
dctennines  the  Reafon  of  bodi  effefts  equal  Things  in 
equalTimes  -,  for  the  Motion  is  uniform  ;  here  I  begin 
to  be  blind  and  to  ftumble  ;  the  former  Difference 
was   affigned  for  determining  the   Caule  of  the 
Times  •,    but  now,  becaufe  it   feemed  inconfiflent 
for  the  Difference  of  the  Times  to    effeft  equal 
Things  in  equal  Times,  another  Caufe  of  the  uni- 
form Motion  is  fubftituted ;  tho*  here  is  not  one  only, 
but  at  leaft  two  unitbrm  Motions.     Do  thefe  agree 
with  one  another?  Do  they  effeft  any  Thing?  or 
does    himfelf  underftand  his  own  Definition,    or 
know  how  to  apply  it  ?  But  however  he  concludes ; 
therefore  by  the  next  preceding  Definitions  AB. 
AC  :  :  AE.  AF.     From  this  particular  Theorem 
thus  demonftrated,   he  would  feem  to  deduce,  as 
Corollaries,  general  Theorms  concerning  Proper* 
tionals^  which  comprehend  the  general  Affeftions  of 
Proportionals^  and  moft  of  them  the  fame  contained 
in  the  fifdi  Element.  Who  can  fuflfer  this,  that  from 
one  Example  a  general  Doctrine  Ihould  be  drawn ; 
or  that  thofe  Things  may  be  immediately  extended 
to  all  Subjedb,  which  can  be  fhewn  of  any  two 
Lines  and   two  Times  ?  As  if  all  Proportionality 
confifted  in  Times  only  and  Spaces  performed  with 
an  uniform  Modon. 

But  to  pals  by  all  other  Faults  of  this  Method, 
it  ieems  to  have  happened  to  this  Man,  as  it  ufually 
does  to  thofe,  who,  when  they  have  looked  fame- 
wbat  long  intently  upon  any  Thing  of  a  lively  Co- 
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tient.  Therefore  the  Divifion  or  Equality  of  Quo- 
tients rcfulting  from  it  does  not  feem  fo  fit  for  a 
general  Explication  of  Proportionality.  Perchance 
you  will  fay,  it  is  eafy  enough  to  conceive  what 
it  is  for  a  Line  to  be  fo  often  contained  in  a  Line, 
a  Weight  ip  a  Weight,  or  Time  in  a  Time,  nor 
is  any  Thing  elfe  meant  here.  Very  true ;  but 
it  is  here  required  for  the  Terms  of  the  Reaibns 
compared  to  be  rcprefented  in  Numbers  ;  which 
raifes  another  Argument  againft  this  Merfiod,  viz. 
Secondly^  becaufe  it  feems  to  confine  Proportional 
lity  to  Numbers  alone  \  and  intimates  as  if  the  Rea- 
fons  of  Quantities  are  only  comparable  with  one  an- 
other, as  far  as  the  Quantities  themfelves  are  de- 
nominated by  Numbers.  For  to  confider  how 
often  one  Thing  is  contained  in  another,  is  the 
fame  as  to  exhibit  the  Proportion  of  thofe  Things, 
or  denominate  them  in  Numbers.  But  though 
Q^tities  neither  be,  nor  perhaps  can  be  rcpre- 
fented or  exprcfled  in  Numbers,  yet  their  Reaibns 
may  be  exhibited,  and  their  ProportionaUties  known, 
by  Eucli^Sj  or  a  like.  Method.  And  fince  it 
happens  immediately  to  Quantities  as  fuch,  and 
not  as  they  may  be  fignified  by  Numbers,  for 
Reafons  to  relate  to  one  another,  and  confequently 
to  be  compared  together,  therefore  it  feems  more 
agreeable  to  the  Namre  of  the  Thing  for  them 
to  be  determined  in  one  general  Manner,  rather 
as  Things  abflrafted  from  Numbers,  than  fub- 
lefted  to  them.  Moreover,  thirdly^  when  tlic 
Terms  of  the  Reafons  compared  are  incommenfu- 
rate,  neither  the  Confequents  nor  any  aliquot  Parts 
of  them,  can  be  contained  a  jufl  Number  of  Times> 
in  the  Antecedents,  and  confequently  accurate  Di- 
vifions  cannot  be  performed,  nor  any  Quotients 
diflmdUy  comprehenfible  exhibited.  For  it  is  not 
cafy  to  difcem,  or  demonflrate,  when  or  how  Quo- 
tients confiifedly  ima^qary  are  equal  to  one  anodier. 

Ffa  Whcrc^ 
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rightly  deduced  and  dembnftrated  by  him  fh)m 
his  own  Definitions  and  Principles.  We  deny  not 
but  his  Method  is  fufficiendy  neat  and  elegant  in  it- 
felf,  and  if  there  were  no  other  might  by  candid 
Judges  be  accounted  as  fufficient  and  abfolute 
enough:  But  yet  in  Comparifon  with  Euclid's  it  will 
be  found  faulty,  and  though  it  contains  in  it 
moft  Things  well,  yet  thefe  are  not  fo  excufable. 

firft^  that  fince  Equality  is  equally  agreeable 
with  all  Reafons  of  Quantities  both  Effable  and 
Ineffable,  and  certain  univerfal  Properties  are  con- 
gruous with  that,  yet  here  every  Equality  is  not  de- 
fined univerfally  and  together,  but  particularly  and 
fuccceffively.  For  the  Equality  of  Effable  Reafons 
is  firft  defined  from  fome  of  its  own  particular 
Attributes,  their  Greater  and  Leffer  Effable  Reafons 
from  that,  and  laftly  the  Equality  of  Incommenfura-- 
ble  Reafons  from  thefe.  But  to  what  End  are  all 
thefe  Diftraftions  of  a  general  Subjeft,  and  Goings 
about  by  Inferiors,  if  there  can  be  a  general  Pro- 
perty (as  is  exhibited  by  Euclid)  of  all  Kinds  of 
equal  (zs  alfo  unequal)  Reafons  fi-om  whence  they 
may  be  univerfally  defined  ?  If  any  eflential  Pro- 
perty can  be  found  in  the  Genus  of  Animality,  is 
it  not  more  agreeable  to  the  Nature  of  the  Thing, 
the  Genius  of  Science,  and  the  Rules  of  good 
Logic,  to  define  Animality  entire  and  at  once,  than 
the  Animality  of  a  Man,  and  the  Animality  of  a 
Brute  feparately  ?  It  feems  fo  to  me. 

Secondly  J  it  is  not  fo  well  to  define  the  Equality 
of  Ineffable  Reafons  negatively,  and  fo  as  to  fuppofe 
the  Ekfinitions  of  Unequal  Reafons  foreknown.  For 
pofitive  Definitions  are  univerfally  reckoned  pre- 
ferable to  negative  ones,  as  begetting  a  more  noble 
and  clear  Knowledge  of  Things.  Then  it  feems 
prcpofterous  to  determine  any  Thing  concerning 
Equality  fi-om  Inequality^  that  feeming  prior,  more 
^unple  and   more  ftable  than  this,    and  entirely 

indivifiblc 
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indivifiblc  in  itfclf.  Thus  the  Ancfems  1  Equality 
ffays  (a)  Nicomacbus)  of  itfelf  is  infeparabk  and 
indivifmc.  Damafcius,  Equality  is  analogms  ti>  any 
Statian,  (b)  Thcon  Smyr.  The  Reafin  &f  Equaliiy 
is  the  chief  the  firft  and  the  principai  of  all  ihefaid 
Rmfonsy  and  of  the  Analogies  according  ta  the  fame. 
Therefore  the  Equaliiy  of  Reafcns  fcems  wrongly  to 
be  put  after  their  Inequality,  Has  not  Euclid  then 
done  better  in  defining  Equahty  firft  by  a  pofuivc 
Affcftion,  and  Inequality  correfpondentJy  from  an- 
other contrary  Affcftion  ? 

Thirdly,  I  obfcrvc  the  Prolixity  of  tMsDoflTii^, 
which  fcarce  performs  that  by  an  Ambages  of  long 
Dcfinicions  (viz.  to  diftinguilb  the  Equality  cf  Rea* 
fins  from  their  Inequality)  which  Euclid  effcfe  in 
only  two,  and  thole^  if  wc  weigh  the  Matter  well* 
much  fhorrer  and  more  funple*  The  fame  might 
be  obferved  in  the  whole  Procefs  of  their  Do&rines, 
that  Euclid  every  where  does  the  Thing  with  much 
fewer  Syllogifms. 

Moreover  fourthlyy  I  note  that  wholbcver  in- 
fpedls  Borellush  Propofitions  and  Demonitrations, 
he  will  find  that  the  principal  Properties  of  Pro- 
portionalities in  that  Method  of  his  are  not  drawn 
but  by  indireft  and  oblique  Argumentations  ; 
which  too  much  argues  them  to  be  none  of  the 
beft  Principles.  Ariflotle  teaches,  and  all  Men 
allow,  that  not  fo  clear  and  convincing  a  Science 
is  produced  by  fuch  Reafonings.  Nor  is  it  ftrange 
that  winding  and  crooked  Demonftrations  (hould 
flow  from  the  Fountains  of  negative  Dcfinirions. 
Is  not  Euclid  then  to  be  preferred,  who  gathers 
the  fame  Things  fi-om  pofitive  Definitions  by  an 
immediate  and  dire£t  Difcurfus  ?     / 

Fifthly^  what  difpleafes  me  moft,  and  is  in  my 
Opinion  moft  faulty,  is  the  Accommodation  of  thefe 

(a)  Nicom.  I.  2.  Vide  Bull.  JNTotis  in  Theon.  p.  273. 
{b)  TJron.  c.  51, 
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Definitions  to  particular  Sul^eds,  or  rather  they 
cannot  be  fitly  fo  applied.  For  the  Proportional 
lity  of  Things  is  neidicr  quickly  known  by  the 
Help  tf  Definitions,  nor  readily  deduced  fix)m 
thence,  but  is  demonftrated  fix)m  fuch  intermediate 
Propofitions,  as  arc  not  fo  eafy  to  be  compre- 
hended, being  proved  by  an  indireft  Argument 
tadon.  Look,  if  you  pleafe,  into  the  Demonflra- 
dons  of  the  firft  and  laft  Theorems  of  the  fixth 
Element  (which  with  Borellus  are  the  firft  of  the 
fourth,  and  lecond  of  the  fifth^  and  vou  will  find 
it  as  I  fay  ;  and  perhaps  will  fubfcribe  to  my  ^ 
Opinion,  that  Boreltus  has  no  Caufe  to  boaft  of  the ' 
Evidence  of  his  Doftrine  above  that  of  Euclid. 
For  the  Evidence  of  a  Dodrine  appears  chiefly 
in  Ufe,  and  an  eafy  Aptnefs  to  the  particular  or 
fpecial  Subjedts  of  the  firft  Definitions  ;  nor  is 
there  any  greater  Virtue  in  thefe,  than  as  it  imme- 
diately appears  they  agree  with  the  Things  fub- 
jefted.  This  Euclid  has  moft  clearly  ftiewn  of  his, 
but  not  Borellus  of  his.  Why  may  we  not  then 
pronounce  that  the  Performances  of  the  former  are 
preferable  to  the  Endeavours  of  the  latter  however 
excellent  in  themfelves  ? 

I  have  briefly  taken  Notice  of  thefe  Things,  noc 
to  derogate  any  Thing  ftom  the  Praife  of  this  great 
Man,  butto  Ihew  the  Excellency  of  Euclid^s  Doc- 
trine, and  at  the  fame  Time  defend  the  ancient 
Geometricians  following  and  fubmitting  to  him, 
elpecially  Arcinmedes^  the  moft  auguft  Prince  of 
Mathematicians,  who  fubfcribes  to  him,  as  often 
as  Occafion  requires. 

I  add,  and  clofe  up  this  defignedly  limited  Dif- 
putation,  with  this  Attfiftadon,  that,  in  my  Judg- 
ment, there  is  nothing  extant  in  the  whole  Work 
of  the  Elements  more  fobtilly  invented,  more  fo- 
lidly  eftablifhed,  or  more  accurately  handled  than 
the  DoSlrinc  of  ProporfionfUities.    Which  was  chiefly 
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io  my  Mind  to  declare,  when  I  entered  upon  this 
Contemplation  and  Theory  concerning  Rcafi^ns  and 
Anahgui.  Of  which  Work  I  mult  now  take  m^ 
Leave,  but  am  lorry  it  has  fallen  out  contiary  to 
my  Hopes  and  Intent  ions*  that  I  can  neither  com- 
pleat  tliis  whole  Subjcft  of  Pr&pcriimalUy^  nor  pro- 
pofe  what  follows  concerning  ttie  Determination, 
Similitude,  and  Generation  of  Magnitudes:  Things 
perhaps  neither  unprofitable  nor  unpleafant.  Them- 
fiwc  thcfe  arc  to  be  referved  or  fappreltd,  as  wc  (hall 
fee  Caufe  hereafter.  In  the  mean  Time,  mcrft  candid 
Auditors,  I  leave  you  to  the  Proteftion  of  the  good 
God. 
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Principal    Matters 
Contained  in  this  WORK. 


ABJlraSflon^  what,  Pages 
lo,  II.  Common  to 
all  ScicQces.  13. 

Ailtotty  inconceivable  with- 
out Motiofiy   173. 

A^^iviy  what,  17. 

AffeSliom  of  Magnitude  ^ 
common  and  proper,  84^ 
Of  equal  Order,  8£,  134. 
May  be  reciprocally  de- 
duced from  each  other, 
%6.  Some  more  fimple 
than  others,  87.  Gene- 
ral AffedHons,  i39,{3rr.  ' 

Jffe£iion$  of  naturalTYm^ 
not  demonftraUe,  6z. 

Algebra^  what,  28. 

Algtbraical  Powers  capable 
of  being  exhibited  geome- 
tricaUy,4+. 


Altimetrjy  what,  5i,2(fy, 

Analogy y  Signification  of  the 
Word,  385,  386.  See 
Proportionality. 

Analyjisy  what,  28. 

Apolloniusy  unjuftly  blamed 
by  Proclus^  do,  78, 229. 

ArchimediSy  his  ^>aring  A& 
fumption  of  Principle^ 
59.  Calls  all  his  Princi- 
ples Poftidatesy  125.  Hii 
£pitagmaca,  127. 

AriflidiSy  his  DUtinOioa  of 
arithmetical  Reafbn  from 

Eometrical,  34.3.  His 
efinition  of  the  Genus 
of  Mufic,  34.8. 
AriJlotUy  his  Acceptation  of 
the  Term  Mathematicsy 
2.  His  improper  Ufe  ot 
TfvorW,  10.  HisDiflri- 
bution  of  the  Mathema- 
tics, 15.  Incoaiiftent  widi 
Gg  bimielf 
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himlclf,  ii8.  His  Deft, 
nidon  of  Infinite^  14a. 
Confinmds    Sptiet   ^mSok 

Efialitj  needel  doc. to j, 
be  defined,  i^.  Vk 
Riiile  of  judgng^  207^ 
239.  His  Aiiom  001^ 
cemii^  tfaePiopoMio^jpf ' 
Finiti  and  Infinity  297. 
His  Definitiofit  of  Rdbh 

Ahthmitic^yAmXy  11.  The 
iaroewidiGeoBieciy,  ajk 

Ajtr^ket,  (or  j0Am^}) 

Afymmitrj.    Sec  Incommm* 

Jurability, 

A/ymptotical  Lines  demon- 
ftnite  the  infinite  Divifi- 
bility  of  Magnitude,  15  y. 

St.  jfujiiney  his  Saying  con- 
cerning Timfy  139. 

Automato-poettcs^  what,  18. 

Axioms  matbtmattcal  univer- 
faUy  true,  ^6.  None  fun- 
ply  indcmonftrable,  103, 
229,  2^2.  Ought  to  be 
demonftrated,  if  need  be, 
1 04,  200.  How  denK>n- 
ftrable,  105,  228.  Need 
not  appear  neccflarily  true, 
loy,  106.  Sec  Principles. 

B. 

Balijiicksy  what,  26. 

BeiopocticSy  what,  2(J. 

7.  Benedi^usy  his  Miftakc 

about  Proportionals,  428. 
Blancanusj  his  Diftribution 

of  the  Mathematics^  20. 


(iMi'to  hnc  no  Exit 
tffwcfj  DOC  n  Ac  MbmL 
7i- 


v., 


.219.    MB  MK: 

abooc    Cbi^niiij, 
025.    H»  impapar  Dh 

%Zj^  TheinvcDKrofft 
nevr  Dofirine  of  Amb- 
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4ao.   HisKfofaodofA- 

nalogy  fliort  of  EmcCd% 

437,  ^c. 
Bullialdusy    his   Agreement 
with  TteoH^  ^66. 


Camnicsy  SecHarmamcs, 

Cart(/iuSy  his  Dodbinc  of 
the  infinite  Extenfion  of 
Matter,  140.  His  De- 
fcription  of  Curv^  Lines, 
183.  Is  iparing  in  hi^ 
Definitions,  319. 

Catoptricsy  what,  1 7, 24. 

Caval/musy  liis  Invention 
of  the  Method  of  Indi- 
vifibles,   i8(f,  242. 

Caufality  of  the  Terms  of 
a  Mathematical  Demoi^ 
ftration,  88. 

CentrobmrycSy  what  18. 

Certainty  of  the  MatbeQQa<« 
tics,  ^7,  ^c.  How  atr 
aijaed,  77. 

Cbrono-^ 
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Chronology  technical,  wliat^ 

2}. 

Ciceroy  his  DiftindKon  of*Ma- 
thematiciahs  from  Sooth- 
fayers,  9.  Thefirftwho 
appEed  die  Word  Pm- 
jiortion  to  the  Mathema* 
tics,  31?! 

ClaviujyXiic  bccafipnof  his 
Oifpute  with  PeUtariuSy 
206.  IJnjuftly  blamed  ly 
Tdcquety  228.  His  In- 
terpretation gf  Euclid^s 
Defiintioriofk^eaicMQ^  342. 
His  Interpretation  of  £«- 
elides  Dehnition  of  Ana- 
logy, 388.  Defended  a- 
gamft  B^eUusy  423 .  Falfly 
accufed  by  Borellusy  j^o, 

Comeiologyy  what,  23. 

Common    Cottfequtnty  what, 

CommenJiirabiUty  (or  Symme^ 
try)  Its  different  Accep- 
tations, 283. 

Congruityy  what,  181.  Ap- 
pUcative;,  189.  Succef- 
five,  190.  Niental,  191. 
Various  Ways  by  Appo- 
fition,  193,  ffffl  Is  only 
attributed  in  Striifhieis  to 
equal  Magnitudes,  197, 
209.  The  beft  Hypothe- 
fis  for  the  Definition  of 
E quality y  20 1.  Agrees 
with  all  Quantities,  as 
they  admit  the  Afieftions 
of  Magnitude,  214.  Not 
hindred  by  a  DiJJlmilitude 
of  Flguriy  227.  Received 
hy  ArchimedcSy  187,  j  88, 
22i.  By  Pappusy  187. 
By  SnelliuSy  ibid,  by  £w- 


clidy  liiy206y226.  ApoU 

loniusy  188,  197.  By 
Hobsy  198.  By  Borilluf, 
203.  By  Claviusy  22i. 
Congruity  aSlualy  agrees 
With  fimilar  Magnitudet 
after  a  peculiar  Manner, 
22y.   Is  contingent^  227, 

22«. 

Congruity  potential y  a  ne- 
ceflary  Attribute  of  all 
equal  MagnitudeSy  222^ 
225,  227. 

Cyclometryy  what,  2(fy. 

Cypher  in  Arithmetic  op- 
pofed  to  a  Point  in  Geo-; 
metry,  48. 


Definitions  mathematical ,' 
their  Peripicuity,  54,  55. 
Not  entered  by  common 
Afieftions,  8y.  Many 
of  the  fame  thing,  8(^, 
41 7.  What  they  are^  112, 
1 94.  Their  'Neceflity  in 
laying  the  firft  Founda* 
don  of  any  Science,  199, 
Equivocal  and  fynony- 
mous.  218,  219.  From 
the  Generations  of  Mog- 
mmdcs,223.  Their  Laws, 
400,411,417.  Pofitive 
preferable    to  Negative, 

^87,437-.  ^        . 

DemoTi/i  ration     mathematl-» 

cal,  its  Excellency,  5  2,  ^c. 
80,  81.  Scientific  and 
Caufal,8o,83,£5fr.  None 
from  external  Caufes  to 
their  Effefts,  and  e  con- 
tray  88,  89,  Simple  and 
Gg  2  COOh 
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wmffes^  101,    How  made 
pcrfcd,^   104,     Sapgofa 
Ac  ExiftcDce   of   God, 
lo^j  1 10.     Miy  be  of 
Things  having  00  Eatift- 
caicCj  110,     Dkc6t  pre- 
ferable to  oblique^  4}  8, 
t>iaiini.     See  Gmmns, 
Diffrnnce^  its  Signijicadon 
in  trithmecical  Ptopdrti- 
0.1,  ixi. 
D^^s^  what,  18. 
Di^ria^  what,  I7j  18^  14, 
DivifihUity  infinite  of  Ma^ 
mcude,   15  ij  t^^.     Re- 
ceived by  P/tfW,   j^i^ff- 
^it,  Chryftpptis^  md  aU  the 
Stoics,  and  by  Carfefiusy 
152.      Objcdtcd    againft 
by  Epicurm  tnd  his  Fol- 
lowers, 1^6^^ i.    ByZ*^ 
nOy  i5i. 


Empedometry,     See  Pi^n^- 

S.  Empiricus^  his  Accepta- 
tion of  the  Word  Mathe^ 
matte 5 y  2. 

EqualityjvAv^i^j,  Ouditto 
be  defined,  200.  Of  Mag- 
nitudes defined  alone,  209. 
Of  analogous  Quantities 
feparated,  217.  An  uni- 
verial  Property  of  Quan- 

Eratofthenes^  of  the  Univer- 
iality  of  the  Dodbine  of 
Proportion,  313. 

£tt^//W,proniifcuoufly  names 
all  Principles  Hypothcfcsi 


125,  His  De&imon  of 
apml  Magnitudei^  20d- 
Of  Hems^genmlij%^%,  Of 
Reafon,  iW,  Moft  tin- 
d^cnily  crciTied,  J^ijW^f. 
His  DefiniDOQSof  i  3wm 
and  Afutathvt^  3.49.  His 
Ddtin^tion  of  Magnimda 
into  Effkble  aod  Ind&- 
blc,  35^.  Hij  Dcfiiiki- 
on  of  AjuIpgy,3SS. 

EudavMSy  the  Juppded  Cocn- 
pofcr  of  die  fifth  Book  of 
the  Elcnicncs,  331. 

Euihymary.    Sec  Mimttrj, 

V. 

Fahius^  his  Notion  of  Ana- 
logy, ^U, 

Farhiui^  his  Singulanry  about 
H^mogenaty  and  Hetirw- 
gemityy  312. 

FtguTiS  matbfmatica/ do  not 
immediatdy  occur  to  die 
Scnfe,  7y.  Have  a  real 
Exiftoice  ^yidxxit  die 
Mind,  7tf,  77 

Finiti  and  Infinite  are  ffaid- 
ly  Ipeaidng  Heterogenous, 
297. 

FoQty  die  finalleft  Meafiire 
in  Length  among  ancient 
Greeks,  2(J3. 

Freedom  of  Judgment  ufed  by 
the  Author,  297. 


Galileufy  his  firopoied  new 
Science  of  Motion,  no. 
His  Nodon  of  the  Com- 
pofitioQ  of  Wbffnxude, 
161.  Cmiz 
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Gemlnus^  his  Diftribudon  of 
the  Mathematics^  16, 

General  Things  not  neceffiuy 
to  be  treated  of,  240,  ^c. 

Geodefy^  what,  17. 

Geography^  what,  23. 

Geometry^  what^  1 1,  247. 

Geuftics^  what  24. 

Gnomics^  what,  18. 

Grammar y  by  whom  firft  in- 
vented, 5. 

Grarnmometry^  what,  i^, 

Graphics^  what,  24. 

Gr/a/^,whaL233,  234. 

GuiUinsiSy  his  Diftribution  of. 
the  Aflutheinatics,  20. 

H. 

Hapticsy  what,  24. 

Harmotucsy  what,  17, 2 j. 

P.Herigony  his  Difbibution 
of  the  Mathematics,    20. 

Heterogeneityy  whence  it  a- 
rifes,29J,  faTf. 

Hippocratesy^  his  Advice  to 
his  Son  to  ftiidy  Geome- 
try, 21. 

Hobsy  his  Notion  of  Space, 
140,  179.  His  Miftake 
about  Meafure,  2^8, 304. 
About  Homc^endty.  303 . 
His  abfurd .  Condition 
concemii^  the  Homoge- 
neity of  a  Line  and  TimCy 
305.  His  Piftindion  of 
a  Quantity  bom  ^  ^an- 
tumy  309.  His  Objc&i- 
ons  a^iinft  EucliiTs  Defi- 
nition of  Propordonatity 
anfwer'd,4i5.  His  con- 
fiiied  Debiaidon  of  Pro- 
portkmality,  431. 


Homogeneity  of  Quanddes, 
whar,  294, 300,  dfff . 

Hydraulicsy  what,  26, 

Hyperlogjy  what,  3  85. 

Hypologyy  what,  3  85. 

Hypothefesvc)3X\itn)2Xxc^y  are 
evic  :d  ly  poflible,  57,128. 
Their  Poffihility  dcxiuci- 
blebySenfe,  75.  Where- 
in their  Falihood  confifts, 
109.  The  fame  with  Pof- 
tulates,  131. 


Impenetrabilityy  what,  182. 

Incommenfurability  not 

known  to  the  Vulgar,  282. 
What  is  here  meant  by 
it,  285.  Infinite  Degrees 
of  it,  285.  ItsCaufe,287. 

Indivtftblesy  in  reality  no  fuch* 
Thing  in  Magnitude,  153, 

Indu^iony  what,  58,  75. 
Inequality  of  Reafons,  how 

emmated,  373. 
Infinity  inconceivable,  142^ 

152. 
Intelleiliony  what,  72. 
Irrationals.    See  Surds, 
IforrhopicSy'w\aXy  18,25. 

K. 

Knowledge y  the  threefold  Me- 
thod oifattaining  it^  3. 

Knowledge  of  ^antityy  ab* 
folute  or  primary,  272. 
Comparadve  or  feconda^ 
ry,  275 .  Pardcular,  275, 
Ucneral,  277. 
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Lp£ic^  by  whom  firft  invent- 
ed, 5. 
L^gtjfuSy  what,  17,  a8, 
L^gfh  its  diffo-cnt  Signifies* 
lions,  315.  By  Mathcma- 
tici^ms  only  ufed  to  Cg- 
nify  G^omttrkal  Prsp^* 
tUtiy  ^22* 

M. 

Mapiitttde^  the  Subjefl:  of 

Gcomcrr)^,  1;,  The  only 
leal  QuantiLy,  20.  Com- 
mon to  all  phy fical  Thines, 
21.  Its  Proportions  de- 
pend not  upon  tlie  Habi- 
tudes of  Numbers  57.  Its 
Generations  eafily  imagi- 
nable, 61.  Has  all  its  Pro- 
perries  alike  primary  or  eC- 
fential5i3+,i82.  Its  Ter- 
mination, 142.  ItsDimen- 
fions,i44.  Striftlyofonc 
only  Species,  146.  Its  Ex- 
tenfion,  14.7.  ItsCompo- 
fition,i48.  ItsDivifibility, 
151.  Its  Occupation  of 
Spacf^  1(^3, 180.  Two  or 
more  Magniaides  cannot 
fill  the  fame  Space  in  the 
fame  Time,  182.  Its  Af- 
fedions  fecondarily  refer- 
red to  anak^us  Quanti- 
ties, 210,  fffr.  AH  Magni- 
tudes of  the  lame  Qaflis 
homogeneous^  300,  i^c, 
Z 


Iifter^eni9ut  Afagnhudet 
what  way  cornpamblc  338, 

M^t^tmatUiiUit  heretofore 
joined  widi  SootWayers 
and  Conjurers,  8.  Baidlh- 

c4  out  of /£fl/jf,  Ibid. 
Mathitnaticsj  whjf  io  called, 
3.^  ^c.  The  firft  B^mcc 
m^l  in  %  School,  4,  7. 
^Thcy  with  Pluloibphy  the 
principal  Study  of  Qie  Ao: 
cicnti,  6.  How  fHlcd  by 
the  Ancients,  d,  7.  Divi- 
ded into  pun  and  mixei^ 
I  Oj  1 1 ,  Their  Prpgrcfc^i  5, 
^i\  LiteUigibl^  aad  feofi- 
blc^i^.  ^f:r^^  Mathema- 
tics, how  \ix  co-€Xcaided 
with  Pfayllcs,  21  —  2^. 
Mixed  Mathematics  oidy 
fo  many  Examples  of  Geo- 
metry, 27.  How  cpnver- 
fant  about  their  Obje(5l,5  2. 
i5fc.  Treat  of  Thia^moft 
Jimpl/:  and  common ^  ^  3 .  Ufc 
Words  moft  plain  and  ^rr- 
fpicuous,  54..  Admit  no 
Axiotns  but  what  are  uni- 
verfally  true,  ^(f.  Suppoic 
no  Hypotbcfes  but  fuch  as 
are  evidently  pojjible  ^  57^ 
Affedt  a  Paucity  of  Princi- 
pleSy^i.  Thd  Generations 
of  their  Objeds  eafily  inia- 
ginable^6i.  Handle  things 
in  the  moft  accurate  Or- 
dery62.  Meddle  only  wirh 
(iich  Things  as  are  certain 
64.  A  Science  properly  lb 
called,  66 y  b'c.  All  Cootro- 
verfies  in  the  Mathematics 
only  about  Things  remote 
bom 
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from  their  Fouhdatibn, 
237,238. 

Matter  may  bcaagmented  or 
diminiflied  by  God,  itfp. 
Alay  preferve  its  prefent 
State,  170. 

Maurolecus^  his  IVfifhke  con- 
cerning the  Difference 
between  Arithmetic  and 
Geometry,  33. 

Maximus  TyriuSy  his  Com- 
pdlation  o(  Connate  Idea  5 y 
70. 

Meafure^  its  various  Accep- 
tations, 248,  ^c.  Mathe^ 
maticaly  its  different  Kinds, 
253,{3rf.  Notdefin'din  the 
Elements,  2(f2.  Geometric 
ftf/flri&ly  fb  called,  264.. 
Prima^,2(J5.  Secondary, 
2(Stf.  Its  Properties,  267, 
fcfr.  Heterogeneous,  2(^9. 
Natural,  271.  Arbitrary, 
272.  The  leafl  moft  con- 
venient, 274.. 

MechanicSy-^Ykty  18,25. 

Mecometryy^hit.  See  Long!- 
metry, 

Mediciney  how  far  a  part  of 
the  Mathematics^  21. 

MeibomiuSy  his  Definirion  of 
Arithmetical  Proportion , 
321.  His  wrong  way  of 
e^rpkining  Rea^n,  334. 
His  tedious  Study,  367. 
His  erroneous  dodrine  a- 
bout  Reafbns  refuted,  380. 

Menfurahilityy  what,  7.66, 

Menfurationy  what.  181. 
Theoretic^  278.  Mecha- 
nical, ibid.  Theoretical 
and  mechanical,  279.  Sen- 
Gble^ibid.  AnalyticiJ,  280. 


Mercennusy  his  Query  an- 
fwer'd,  how  Reafins  are 
referred  to  Nothing,  379. 

Metaphyftcsy  the  Treafury  of 
the  moft  general  and  iim- 
ple  Notions,  39,  105. 

Metsorofcopicsy  what,  18. 

Metrics,  Plato's  Name  of 
Geometry,  34^245. 

Michael  Angeloy  his  Opinion 
of  the  Exiftence  of  ma- 
thematical Figures  without 
the  Mind,  77. 

Minority y  what,  353. 

Motion  muft  have  a  Begin- 
ning. Its  Termination,  1 43  • 
Extenfion,  148.  Compo- 
fition,  150.  Impoffible 
without  Space,  172.  Its 
Definition,  181.  The  Mea- 
fure  of  Time,  184.  Its 
Computation,  210,  ^c, 
Congruity,2i4.  Umfbrm 
and  circular  the  beft  Mea- 
fiire  of  Time,  215.  Its 
Equality,  2 1 7. 

Multitudcy  the  Subjeft  of 
Arithmetic,  10,  11,  15. 

Mufic^  what,  14,  17,  25. 

N. 

Navigation y  (or  NauticSy) 
wlut,  23. 

Nicomachusy  why  he  makes 
Arithmetic  prior  to  Geome- 
tryy  3  9.  His  Wrong  Noti- 
on of  Arithmetic  Proporti- 
o«,325.  His  Definition  of 
a  muftcal  Stacey  348.  His 
double  Dioiotomy  of  Rea^* 

NotioHs  connatf^vAat^  6%  70. 
Gg4  Nq 
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No  need  of  fuch  in  fpc- 
cukiivc Sciences^  iif* 

defd^i2.  How  the  Cimt 
with  Mognitudi^  30.  Has 
00  determinate  Significati- 
on of  itfelf,  54,  ;i,  t%^. 
Homogeneous  only  capa- 
ble of  Additiooj  Subtrac- 
tion and  Compaiifon  {L  i. 
Proportion)  5^^5254,29^, 
559.  Diffcrendy  atuibut- 
cd  to  Tilings,  1%,  Mathe- 
madcal  and  mctaphyfical, 
59,  Has  no  Exiftencc  di* 
ftin^fl  from  wlm  it  demo- 
ininates,4i .  ht^gral^frac- 
udmdfurdy^^.  It^Tcr- 
miHiition,  145.  Evtenfion, 
14S.    Compofidon^  150. 
Congruity,2i6.  Equality, 
218.  Rational^  capable  of 
cxprcfling  few  Quantities, 
288,342,  374,  MNutfH 
hers  homogeneous,  301. 
Numeraiiony  what,  41,  42. 


Opticjy  its  Divifion,  1 7,  24. 
OrganopoeticSy  what,  18. 
Ofphranticsy  ^vhat,  24. 


Pantometry^VfhsLty  245. 

Dr.  Pell  refutes  the  Qua- 
drature of  LongomontanuSy 
280. 

Part^  what,  149,  5^1. 

Pererius  objedk  againft  the 
Dignity  of  iV athematics^ 
80.  Againft  the  thirty  fe- 


cmi  of  the  frji  Elmmn 

97' 
FiHftaivf^^^  x7,a4,2T. 
PhthfiphfTy  a  Name  not  aC 

fumed  by  the  Ancioits,  5. 
Phyfics^  their  fubjcd,  1 3.  £/- 

ff^WfPhjJiCiy  20. 
Phnometryy  wbmi  I  y^  40,51^ 

Pi&i9y  his  Dtvifion  of  the 
Mathimatki^  \%\%.  Ufc^ 
fubefs  of  the  MatUms^ 
iki  in  Aliitintry  fiffatr%y%%. 
His  Name  of  Gesmtiry^ 
34»  24^*  Reprehended 
ij  Arijhlf^  ^02..  His  En- 
comium upon  dieDodteinc 
of  Pr^pQrmn^  313,  Ot 
Pnp^rtlonaliiy^  385. 

PlatOTtk  Remembrances » 
what,  iitf. 

Pmumatics^  what,  18,  ai. 

Point  oppofed  to  a  Cypher  ^ 
48.  ttsRiality^  145. 

Poliorcetics^  what,  22. 

PoUtiis^  how  far  afcribed  to 
iht  Mathematics^  22. 

Pofidonius  wrires  againft  Z«m 
Sidonius^  67. 

Pofftbillty  of  a  Tiling  not 
proved  from  its  Imaginu^ 
bility^   l6y. 

Populates.  See  Hypotbefes. 

Powers  mechanical ,  their 
Termination,  143.  Ex- 
tenfion,  147.  Compofui- 
on,  150.  Computation, 
210.  Congniity,  216.  E- 
quality,  218. 

Principles ,    Matbtmatical  ^ 

their  Paucity,  ^i.  Depend 

not  only  upon  Indudion, 

75,  ii5.ThcirTruth|iQw 

rcfi>hji* 
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rcfi>lublc,79.  Preparatory 
to  all  Reubning,  103, 
107.  Their  primary  Con- 
dition, lod.  Orig^  115. 
Number  ia8,  i)o. 

Principlts^  Morale  flow  from 
Appetite,  116. 

Problem^  every  poffible  one 
reducible  to  a  Theorem^ 
5^5.  Its  Analogy  with  an 
Hypotbefif^  120. 

ProcluSf  ms  Reafons  for  the 
Name  Mathematics^  4. 
Unjuftiy  blames^/bmtr  J, 
79,  229.  His  Miftake  in 
the  Number  of  Principles, 
123.  His  Elogium  oa  a 
Pointy  1^.  Received  not 
Congruityy2o6.  His  Error 
upon  the  eighth  Aidom  of 
die  fir/I  Elemiftty  224.  His 
Definition  of  Geomttryy 
24.7.  His  Demonftration 
of  the  Homogeneity  be- 
tween redilineal  Angles 
and  (bme  curvilineal  ones, 
300. 

Proje£lurey  what,  17. 

Properties  of  Magnitude,  See 
AffeSfions, 

Proportiony  Univeriality  of 
its  Dodhine,  314.  Occa- 
fion  of  the  Word,  318. 

Proportion  of  a  Circle  to  its 
Diameter  inexplicable  in 
NumberSy  287. 

Proportion  arithmeticaly  what 
321.  Explained  by  Sub- 
dudion,  323,  £5ft\  Seems 
not  to  have  been  known 
to  the  Ancients,  343 .  Not 


known  to  the  Vulgar,  3 
In  ibme  Cafes  fcarce 


t- 


fars  from  geomitrical  PrH 
portiony  ibid. 

Proportion  Geometrical  (or 

Reajon)  between  two  nega^ 
five  Terms  is  pojitivey  329. 
None  between  a  negativt 
and  pofitivi  Termy  ibid. 
Its  Definkion,  331,  351. 
Divided  into  Reaions  of 
Equalityy  and  Riafons  of 
Inequality  greater  and/<^  « 
fi^y  353-  Rcafons  efable 
or  explicabUy  35^.  Inef^ 
fable  fx  Inexplicabley  ibid. 
Of  £yiwii/K  358.  Of/if. 
equality  iubcuvided  into 
five  Species,  359.  Their 
Compofition,  379.  Multi^ 
plicate  Reafonsy  381,  382. 

Proportionalityy  wbu;,  38S, 
389.  A  new  Definition  of 
it,  430. 

Proj^J^tions  imiDcdiztc.  See 
Principles, 

Proportions  univerfaly  natu- 
rally difcemed,  72.  AS 
fuch  named  Axioms  by  the 
Stoic  Sy  125. 

Pythagorasy  his  triple  Conh- 
mentaryy  6.  His  threefoU 
Gradationy  ibid, 

Pytbagoreansy  firft  Cultiva- 
tors of  the  Mathematics 
4,  14.  Their  Divifion  of 
the  Mathematicsy  14. 


^adrature  oft  he  Circhy  not 
impoffible  in  its  Nature^ 
194.  What  it  means,  20 1. 

^antity^  the  Objed  of 
idatbi* 
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mmd  acid  difimhmtfd^  ik 
Its  Definition,  151.  One 
Ids  than  anvThmg  affim- 
bic,  285,  HowcrticdS4:rs 
from  mo^ticty  z^.  Effa* 
l>k  and  In^akb^  555, 

liW,  PsfWfTt^    NurnktrSf 

^mtity  ricL  Sec  Magni^ 

^»mityy  (or  Multiiudi^  tfac 
mic  Signification  of  the 
ml  »«r«  of  Arijhik. 


RMmtdSj  impeninendy  ctrps 

againft£«fK495?9>33«, 
339,+oi. 

Reafon,  Sec  Proportion  geo^ 
metricaL 

HegidmontantiSy  his  Deduc- 
tion of  the  firft  Rules  of 
Arithmetic  fifom  the  Ele^ 
merits  of  Euclid^  60. 

Rhetoric^  by  whom  firft  in- 
vented, 5. 

JC/;^*/  L/»^,  feveral  ways 
confider'd,  11. 

Rjvaltus^  his  Argument  up- 
on Arcbimedeis  Poftulates^ 
126. 

S. 

Scenography^  what,  17. 
5«f»f^,wlMit,90.  Speculative 
mdpra^icaly  50.  lis  Orih 

Sctography^  wfatf,  17. 


£^^r^,  Ws  Acc<xiit  of  Mt- 
thcnMncbns^  8, 

times  deed tMj  7 1 .  Wbaa 
nghtiydifpolbd^f^r/  Mc~ 
iHmatTcal  Sitbjofib  do  not 
dire&iy  occur  to  it,  75. 

SmiStvJt  (or  Mm^)  dl 
Rcfbeft  not  fir  10  enter 
the  Definition  of  Prepor- 
tim&Ufj^  4^91 

Sttiffftim  dcoermumce,  «te£, 

ff^.  SadSusy  his  Ddct^J^CHi 
ofCongrmty,  187, 

Sotr^fat  his  Sevcrit}'  againft 
fuch  as  arrtpgarcd  the 
NitneofPhiTofophers*  f.      f 

iSi^rfj  ki  real  Exiflcnce  de- 
nied by  Ariji&t!i,  Carte- 
fouy  and  others,  itf?.  Vul- 
var Notion  of  h^  j6^y 
Arguments  for  its  real 
Esmlence,  166,  bfc  The 
Author's  Notion  of  it, 
175.  The  Reafonablenefe 
of  this  Notion,  178. 
One  Way  determinate  and 
another  indeterminate, 
I7(f.  Direftly  oppofed  to 
Contiguity;  1 78.  Its  Ana- 
logy widiTlme,  184.  Its 
Notion  not  inore  6b- 
fcure  than  the  Notion  of 
Equality,  229. 

Sphere,  feveral  ways  confi- 
der'd,  23. 

SphericSyWbiaZy  23. 

Spheropoeticfy  what;  18. 

StaticSy  wbkty  25. 

Steredmetryy  wtit,    15,  52, 
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Stevinu$<^    his  geometrical 

Numbers,  45. 
SusJaSy    his  Ex^dication  of 

dieWocdrasiri^  3)4. 
Superfidis^   tjbeur  JK^fyy y 

Surdsy  what,  43,  44.  Why 

doofed,  357. 
SymmHry*    Set  Cmnmtnfu'- 

rability, 
Syntbefisy  what,  a8. 
Syfimaticsy  vbit  23. 


T. 

TacittiSy  his  Account  of 
Mathematicians,  8. 

^.  Tacquety  his  Definition 
of ///w/^ry,  405. 

Tastes,  whsLty  18. 

Teachersy  oug^t  to  define 
Adr  Words,  204.  Have 
a  Rig^t  to  impofe  Names, 

ThaumaftopoettayVibaXy  18. 

Theodeftusy  his  Lemma  con- 
cerning Incomnunfurabi' 
lityy  28J. 

TiJ/w,  his  Definition  of  a 

Term,  300.  His  wrong  No- 
tion of  arithmetical  Pro- 
portion^ 325.  His  Defini- 
tion of  Reaibn,  33(5.  Of 
Analogyy  348,  38(J.  Of 
Reafins    fimply   efiable, 

Theoreniy  its  Analogy  with 
iinJxiomy  129.  everyone 
capable  of  being  formed 
into  a  Defimtiofiy  408* 

Tbnrics^  wnat,  23. 


TV^l^V,  his  Defknaoa  of 
a  muficd^Uy  548. 

TViiv,  Its  Extttfioo,  148. 
CompoOdooL  150.  llie 
MMmre  of  Modoo,  184. 
Cpaipwtt»Qiiy2ii.  Cdn* 
gniity,   2iy.      Equaiiqr^ 

-     2||{. 

TorricelliuSy  firft  lovcatoc 
of  die  Arithmetic  rf  lu^ 

Trtgo9m0tryy    whit,     ji. 


Velocityy     Its  Compofition^' 

150.  Computation,  211, 

fcTr.  Congruity,  214.  E- 

quality,2i7.  ^nit^  in- 

confiftent,  301. 
VietOy  his  Analytical  Law, 

302. 
Vincentiusy  his  Definition  of 

ReaJoHy  37^. 
Vitelhusy   his    Poftulate  of 

plane  Superficies,  190. 
Vitruviusy  his  Definition  of 

Symmetry y  283. 
Unequaly  What,  233. 
t7«i/)',  the  Qr4;in  <rf  ^trjTv- 

i^,  43.  Not  oppoied  to 

a  point,  48. 
Vojfms  thought  mathematical 

Figures  to  exift  only  in 

the  Mind,  ^6. 


Dr.  IVaUisy  his  Rea&ns  why 

be  makes  Gtonutry  fiibor- 

dinatc 
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dnmte  to  Aritbmitk^  37, 
^,  Hb  Miftake  tbout 
Citmitri€4lR4^fQm  chang- 
tPgthdrC^wuj,  328.  Sap- 
pofcs  flll  RtafoHs  CO  cxiil 
in  the  Ginui  of  Numhr^ 

meat* 
iVholi^Vi\at^  149, 
m/dsm^  the   fivefold   Mc- 

tliod  of  irtEimfig  it,  7. 
Writing^  by  whom  invented, 

I' 


XifmratiSy  his  Defcripdoo 
of  the  Marhrmjcig,  7, 

Z. 

<iition  of  £u£M$  Ele* 
nicnt%f3, 
Z^n^^  his  Dirvice  againft  dii 
R^ty  of  5^r,  165. 


NAMES 


NAMES 


Made  Ufe  of  in  this 


WORK. 


Ntmei. 


Yean  before  and 
after  Chrift. 


CoonCrict. 


ADraftus. 
Mcbael  Angelo. 
Apollomus. 
Archimedes. 
Archytus. 
Arifiotle. 
Arijioxenus. 


Baccbius. 
Joban.  BeneiiSlus. 
Blancbanus. 
Boetbius. 

Alpbonfus  Borellus. 
Bullialdus. 


Capella. 

Renatus  Carte/tus. 

Cavallerius. 


A.  C.  220. 

A.  C.  400. 
A.  C,  350. 
A.  C.  320. 

B. 


P.  C.  500. 


C. 

P.  C.  1630. 
p.  C  1640. 


Sicily. 
Greece^ 
Greece. 
Greece. 


My. 


France. 
Cbryfippus. 


Euclid. 
Eutdcius 


^«A  Farhi 


'tus. 


^"udintius. 
Guildinus. 


Petr 
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Names. 

Years  before  and 
after  Chrift. 

Coantriei. 

Merfennus. 

N. 

Nicbomacbus. 

P. 

Pappus. 

A.  C.  380. 

Egypt. 

Peletarius. 

Dr.  Jobn  Pell. 

P.  C.  1660. 

England. 

Pererius. 

Plato. 

A.  C.  380. 

Greece. 

Plutarch. 

P.  C.  100. 

ProcUis. 

Ptolomy. 

P.  C.  130. 

Egypt. 

Pytbagoras 

A.  C.  540. 

Samos. 

Arijlides  ^iintillianus. 


Ramus. 
Rivaltus. 


Seneca. 

fFillebrcrd  Snellius. 
Socrates. 


And.  "facquet. 
Tbeoao/ius. 
Theon  Smyrncrus. 

Thrafyllus. 
7'orricel/ius. 


R. 


S. 
P.  C.  60. 

A.  C.  440. 

T. 
P.C.  i6:;o. 


P.  C.  1640. 


Italy. 
Greece. 


Fran. 


I 


Tbnei. 


N  A  M  E  S,  ^r. 

aiiet  CbtiL 


FiuUiuu 


V. 

P'C  1590. 


Ef^ikn 


Grfcci^ 


Cyprus^ 
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nghtly  deduced  and  demonftrated  by  him  from 
liis  own  Definitions  and  Principles.  We  deny  not 
but  his  Method  is  fufficiendy  neat  and  elegant  in  it- 
felf,  and  if  there  were  no  other  might  by  candid 
Judges  be  accounted  as  fufficient  and  abfolute 
enough:  But  yet  in  Comparison  with  Euclid's  it  will 
be  found  faiUty,  and  though  it  contains  in  it 
moft  Things  well,  yet  thefe  are  not  fo  excufable. 

Firft^  that  fince  Equality  is  equally  agreeable 
with  all  Reafons  of  (^amities  both  Effable  and 
Ineffable,  and  certain  univerfal  Properties  are  con- 
gruous wirfi  that,  yet  here  every  Equality  is  not  de- 
fined univerfally  and  together,  but  particularly  and 
fucccefiively.  For  the  Equality  of  Effahle  Reafons 
b  firft  defined  from  fome  of  its  own  mrticular 
Attributes,  their  Greater  and  Leffer  Effable  Reafons 
from  that,  and  laftly  the  Equality  of  IncommenfurO' 
ble  Reafons  from  thefe.  But  to  what  End  are  all 
thefe  Difh^ftions  of  a  general  Subjedt,  and  Goings 
about  by  Inferiors,  if  there  can  be  a  general  Pro- 
perty (as  is  exhibited  by  Euclid)  of  all  Kinds  of 
equal  ('as  alfo  unequal)  Reafons  from  whence  they 
may  be  univerfally  defined  ?  If  any  eflential  Pro- 
perty can  be  found  in  the  Genus  of  Animality,  is 
It  not  more  agreeable  to  the  Nature  of  the  Thing, 
the  Genius  of  Science,  and  the  Rules  of  good 
Logic,  to  define  Animality  entire  and  at  once,  than 
the  Animality  of  a  Man,  and  the  Animality  of  a 
Brute  feparately  ?  It  feems  fo  to  me. 

Secondly^  it  is  not  fo  well  to  define  the  Equality 
of  Ineffable  Reafons  negatively,  and  fo  as  to  fuppofe 
the  Definitions  of  Unequal  Reafons  foreknown.  For 
pofitive  Definitions  are  univerfally  reckoned  pre- 
ferable to  negative  ones,  as  begetting  a  more  noble 
and  clear  Knowledge  of  Things.  Then  it  feems 
prcpoflerous  to  determine  any  Thing  concerning 
Equality  from  Inequality^  that  feeming  prior,  more 
^ple  and   more  flable  than  this,    and  entirely 

indivifiblc 
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Definitions  to  particular  Sul^eds,  or  rather  they 
cannot  be  fitly  fo  applied.  For  the  ProporHona- 
lity  of  Things  is  neither  quickly  known  by  the 
Help  •f  Definitions,  nor  readily  deduced  from 
chence,  but  is  demonftrated  from  fuch  intermediate 
Propofitions,  as  arc  not  fb  eafy  to  be  compre- 
hended, being  proved  by  an  indirect  Argumen- 
tation.  Look,  if  you  pleafe,  into  the  Demonflra- 
dons  of  the  firft  and  laft  Theorems  of  the  fixth 
Element  (which  with  Borellus  are  the  firft  of  the 
fourth,  and  iecond  of  the  fifth^  and  vou  will  find 
it  as  I  fay  ;  and  perhaps  will  fubfcribe  to  my 
Opinion,  that  Boreltus  has  no  Caufe  to  boaftof  the 
Evidence  of  his  Dodtrine  above  that  of  Euclid. 
For  the  Evidence  of  a  Dodtrine  appears  chiefly 
in  Ufe,  and  an  eafy  Aptnefs  to  the  particular  or 
fpecial  Subjedts  of  the  firft  Definitions  ;  nor  is 
diere  any  greater  Virtue  in  thefe,  than  as  it  imme- 
diately appears  they  agree  with  the  Things  fub- 
je&al.  This  Euclid  has  moft  clearly  fhewn  of  his, 
rot  not  Borellus  of  his.  Why  may  we  not  then 
pronounce  that  the  Performances  of  the  former  are 
preferable  to  the  Endeavours  of  the  latter  however 
excellent  in  themfelves  ? 

I  have  briefly  taken  Notice  of  thefe  Things,  not 
to  derogate  any  Thing  ftx)m  the  Praife  of  this  great 
Man,  but^  fhew  the  Excellency  of  Euclid^s  Doc- 
trine, and  at  the  fame  Time  defend  the  ancient 
Geometricians  following  and  iubmitting  to  him, 
eibecially  Archimedes^  the  moft  auguft  Prince  of 
Mathematicians,  who  fubfcribes  to  him,  as  often 
as  Occafion  requires. 

I  add,  and  clofe  up  this  defignedly  limited  Dif- 
putation,  with  this  Atteftadon,  that,  in  my  Judg- 
ment, there  is  nothing  extant  in  the  whole  Work 
of  the  Elements  more  fubtilly  invented,  more  fo- 
lidly  eftablifhed,  or  more  accurately  handled  than 
the  DoRrm  of  Proporfionfllstics.    Which  was  chiefly 
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Principal    Matters 

Contained  in  this  WORK. 


ABftraSiiony  what,  Pages 
lo,  II.  Common  to 
all  Sciences.  13. 

jlcwfiksy  what,  24. 

AUtoHj  inconceivable  with- 
out Motion  J    173. 

AdfpeSiive^  what,  17. 

Jffe6liom  of  Magnitude  ^ 
common  and  proper,  84^ 
Of  equal  Order,  My  134. 
May  be  reciprocally  de- 
duced firom  each  other, 
%6,  Some  more  (imple 
than  others,  87.  Gene- 
ral Affedions,  i39,{5rf. 

Jffe£iions  of  naturalThmi^ 
not  demonftrable,  6z. 

Jllgehray  what,  28. 

jl(g4braical  Powers  capable 
pf  being  exhibited  geome* 
tricaUy,  4+. 


Altimetrjy  what,  5i,2(fy. 

Analogy y  Signification  of  the 
Word,  385,  38<J.  See 
Proportionality. 

Analyfisy  what,  28. 

Apolloniusy  unjuftly  blamed 
by  Proclusy  tfo,  78,  229. 

ArchimediSy  his  Q>aring  A£> 
fumption  of  Prindi^e^ 
59.  Calls  all  his  Princi* 
pies  Pojlulatesy  125.  Hig 
Epitagmata,  127. 

Ariftidesy  his  DiftmdioQ  of 
arithmetical  Realbn  from 
geometrical,  343.  His 
Definition  of  the  Genus 
of  Mufic,  348. 

AriJiotUy  his  Acceptation  of 
the  Term  Mathematics^ 
2.  His  improper  Ufe  ot 
T«vo«-«p,  10.  HisDiifav 
bution  of  the  Mathema* 
tics,  15.  Incoaiiftenc  with 
Gg  bimiUf 
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ff  technical,  w^t, 

is  Diftinffioo  of^Ma- 
iticiahs  fitnn  Sboth- 
,  9.  The  farft  wiio 
d  the  Word  Pio- 
0  to  the  Nlithema- 

I'the  Occaficm  of  his 
te  with  Peiit'ari'usy 
t/njuftly  blamed  b/ 
>/,  22?.  His  In- 
tadon  pf  EucUd^s 
itioriof^ 


iteroretation  ot  /s«- 
Definition  of  Ana- 
388.  ■  Defended  a- 
Bt^ellus^  4*3 .  Faifly 

gy,  what,  23. 
CoAfiquent^  what, 

(firabiUty  (or  Symme^ 
ts  different  Accep- 
s,  283. 

y,  what,  i8i.  Ap- 
ive,  189.  Succef- 
[90.  Niental,  191. 
us  Ways  by  Appo- 
,  193,  ^c'.  h  only 
uted  in  Struteels  to 

Magnitudes,  197, 
ThebeftHyjpothe- 
r  the  Definition  of 
%,  201.  Agrees 
all  Quantities,  as 
idmit  theAflfedions 
asnicude,  214..  Not 
ed  by  a  DiJIimilitude 
fure^  227.  Received 
chimedcSy  187,  j  8  8, 

By  Pappus^  187. 
nelliusy  ibid,  by  £w- 


clidy  iiiy2o6y226.  ApoU 
loniusy  188,  197.  By 
Hobs^  198.  By  BoTiUus^ 
203.     By  Clavius^  22i. 

Congruity  aSIualy  agrees 
mth  jfimilar  Magnitudes 
after  a  peculiar  Manner, 
225.  Is  contingent,  227, 
22?. 

Congruity  potential y  a  ne- 
ceffiiy  Attribute  of  all 
equal  Magnitudes^  222^ 
225,  227. 

Cyclometryy  what,  2(^5. 

Cypher  in  Arithmetic  op- 
pofed  to  a  Point  in  Geo- 
metry, 48. 

D. 

Dejinitions  mathematical,' 
their  Peripicuity,  54,  55. 
Not  entered  by  common 
Aflfe(9ions,  85.  Many 
of  the  fame  thing,  8d, 
417.  What  they  are,  112, 
1 94.  Their  hf eceflity  in 
laying  the  firft  Founda- 
tion of  any  Science,  199, 
Equivocal  and  fynony* 
mous.  218,  219.  From 
the  Generations  of  Mag- 
nimdes,223.  Their  Laws, 
400,  411,  417.  Pofitive 
preferable    to  Negative, 

Demon/fratton  mathemati- 
cal, its  Excellency,  52,  tsTr. 
80,  81.  Scientific  and 
Caufal,8o,83,yf.  None 
from  external  Caufes  to 
their  Eflfedb,  and  e  con- 
troy  88,  89,    Simple  and 

Gg  2  COXXI;* 
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ccmpound,  9+.  ItsPre- 
xnifles,  102.  How  made 
pcrfcfl^,  104.  Suppofcs 
the  Exiftence  of  God, 
109,  no.  May  be  d 
no  Exift- 


ence,  no.  UircCX  pre- 
ferable to  oblique,  438. 

Dialing.    See  Gnomics. 

Difference^  its  Signification 
in  arithmetical  Proporti* 
0.1,  321. 

Diopters^  what,  18. 

Diaptricsy  what,  17, 18,  24^ 

Divifibility  infinite  of  Mag- 
nitude, 151,  i!fc.  Re- 
ceived by  PlaUy  Arifto- 
tUyCbryfiptuSytiA  all  the 
Stoics,  ai^  by  Cartejmi. 
152.  Objeded  againft 
by  Epicurus  and  his  Fol- 
lowers, iytf,Wr.  ByZ/. 
noy  161. 


Empedometry.  See  Plano^ 
metry. 

S.  Empiricusy  his  Accepta- 
tion of  the  Word  Mathe- 
maticSy  2. 

EqualityjyfAatyl^j.  Oufi^tto 
bedehned,  200.  Of  Mag- 
nitudes defined  alone,  209. 
Of  analogous  Quantities 
feparated,  217.  An  uni- 
vcrial  Property  of  Quan- 

^«7,437. 

Eratcfthenesy  of  the  Univer- 

Mty  of  the  Dodrine  of 

Proportion,  313. 
jE'x/r/;//,promifcuoufly  names 

all  Principles  Hypothefes, 


125.  His  Definkioo  of 
equal  MagnitudeSy  2o(. 
0£  IiemGgenealsy2,^2.  Of 
Rea(bn,  iUd.  Moft  un- 
decently  treated,  332,ferf. 
His  Definiticxisc^  a  Tm 
and  Mutation^  049.  His 
DiftindionofA^^'aida 
into  Efi&Ue  and  IncA- 
ble,  355.  His  Definiti- 
on or  Analogy,  388. 

EudoxuSy  the  (utmofedCom- 
po(er  of  the  tidi  Book  of 
the  Elements,  331. 

Eutbymetry.    See  dUimetrj. 

F. 

Fatiusy  his  Notion  of  Aoa- 

lo^r,  38(f. 
Farbtusy  his  Smgularity  about 

Homogeneity  and  Heterf 

geneityy  312. 
Figures  mathematical  do  TM 

immediately  occur  to  the 

Senfe,  75.     Have  a  real 

Exiftence    without    die 

Mind,  76y  77 
Finite  and  Infinite  are  fbid- 

ly  (peaking  Heterogenous, 

297. 
Footy  die  fjnalleft  Meafiire 

in  Length  among  ancient 

Greeks,  2(^3. 
Freedom  of  Judgment  ufed  by 

the  Author,  297. 


Galileufy  his  fuppofed  new 
Science  of  Motion,  no. 
His  Notion  of  die  Com- 
pofition  of    Magninide^ 
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Gitninusy  his  Diftribudon  of 

the  Mathetnatics^  i6. 
Gimral  Things  not  neceffiiy 

to  be  treated  of^240,  Isfc, 
Geodijjy  what^  17. 
Geography^  vAiSXy  23. 
Giomitry^  wha^  1 1,  247. 
Geufticsy  what  24. 
Gnomicsy  what,  18. 
Grammar y  by  whom  firft  in* 

vented,  5. 
Grarnmometrjy  what,  16. 
Graphics^  what^  24. 
Gr/tf/^,whati233,  234. 
GuiUimiSy  his  Diftribution  of. 

the  Mathematics,  20. 

H. 

Hapticsy  what,  24. 

Harmomcsy  what,  17, 25. 

P.HirigoHy  his  Diffaibution 
of  the  Mathematics y    20, 

Hiterogmeityy  whence  it  a- 
rifes,295,  l^c. 

JCppocratesy^  his  Advice  to 
hu  Son  to  ftudy  Geome- 
try, 21. 

^«*j,  his  Notion  of  Spac^ 
140,  179.  His  Miftake 
about  Meafure,  2(S8,  304. 
About  Homogeneity.  303 . 
His  abfiird  ^  Concluiion 
concerning  the  Hbmoge- 
ndty  of  zLine  and  TiW, 
305.  His  Piftindtion  of 
a  Qjantity  bomz^an-- 
tuTTLy  309.  His  Objedi* 
ons  ^^uiift  Ettclid^B  Defi- 
nition of  ProportiotiaUty 
anfwer'd,4i5.  His  con- 
fiiied  Demiition  of  Pro« 
portionality,  431. 


Homogeneity  of  Quantities, 
what,  294, 300,  ^c. 

Hydraulicsy  what,  z6. 

Hyperlogyy  what,  386. 

Hypologyy  what,  386. 

/:55^^/A/'/^j  mathematical,  are 
evie:d  typoflrible,57,i28. 
Their  Poffibility  dcriuci- 
blebyScnfc,  75.  Where- 
in their  Falfliood  confifb, 
109.  The  lame  with  Pof- 
tulates,  131. 


Impenetrabilityy  what,  182, 
Incommenfurability  not 

known  to  the  Vulgar,  282. 
What  is  here  meant  by 
it,  285 .  Infinite  Degrees 
of  it,28tf.  ItsCaufe,287. 
Indivijiblesy  in  reality  no  fiich' 
Thing  in  Magnitude,  153, 

InduSliony  what,  tf8,  75. 
Inequality  of  Reafons,  how 

eftimatec^  373. 
Infinity  inconceivable,  142^ 

152. 
IntelUniony  what,  72. 
Irratitmals.    See  Surds, 
I/orrhopicSyWbaXy  18,25. 


Knowledgey  the  threefold  Me- 
thod df  attaining  it,  3. 

Knowledge  of  ^antityy  ab- 
Iblute  or  prraiary,  272. 
Comparative  or  feconda^ 

2,275.    Particular,  275. 
eneral,  277. 


Qg3 


Lefer^ 
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Z//.r,  what  233,234. 

Limmay  what,  365. 

Logic y  by  whom  6rft  invent- 
ed, 5. 

Leglfiicsy  what,  17,  28. 

togosy  its  difierent  Significa- 
tions, 315.  By  Mathema- 
ticians cnily  ufed  to  fig- 
nify  Geometrical  Propor- 
iiofty  322. 

Longimetryj  what,  2^5. 

M. 

Magnitude^  the  Subjeft  of 
Geometry,  13.  The  only 
real  Quantity,  20.  Com- 
mon to  all  phy fical  Things, 
21.  Its  Proportions  de- 
pend not  upon  tlie  Habi- 
tudes of  Numbers  37.  Its 
Generations  cafJy  imagi- 
nable, 61.  Has  all  its  Pro- 
perties alike  primary  or  ef- 
fential,i34^i82.  Its  Ter- 
mination, 142.  ItsDimen- 
fions,i44.  StridHyofone 
only  Species,  146.  Its  Ex- 
tenfion,  147.  ItsCompo- 
fition,i48.  ItsDivifibility, 
151.  Its  Occupation  of 
Space^  1(^3, 180.  Two  or 
more  Magnitudes  cannot 
fill  the  fame  Space  in  the 
fame  Time,  182.  Its  Af- 
fedions  fecondarily  refer- 
red to  analogous  Quanti- 
ties, 210,  ^c  AM  Magni- 
tudes of  the  fame  Ckflis 
homogeneous^  300,  fr. 
% 


Iieterogeni9HS  ifanituiei 
wfaa^  way  cosiqparable  338. 

Mvoritj^yjl^l%%. 

Afatbgmticians  herecofore 
joined  with  Scpth&yeis 
andQ»ijurp:s,8.  BtojUi- 
e4oiitof  Ze^^,  Ibid. 

Mathematics  lyhy  f6  calfcd, 
2,  eff .  The  fiift  Sdqnce 
tau^t  in  a  School^  4, 7. 
They  with  Philofophy  the 
principal  Study  of  oc  An: 
dents,  6,  How  fUfid  b; 
the  Ancients,  d,  7,  Diyi^ 
ded  'vDXOpure  and  mixei^ 
I  o,  1 1 .  Thdr  Prcgreis^if, 
t^c.  Intelligibie  and  (enfi- 
ble,i9.  -W<>^rfMadiema- 
tics,  how  far  co-e3Ctended 
with  Phyfics,  21  —  2<J. 
Mixed  Mathematics  only 
fo  many  Examples  of  Geo- 
metry, 27.  Howconvcr- 
fant  about  their  Objeca,5  2. 
i^c.  Treat  of  Things  moft 
Jimplc  and  comfnon^  ^  3 .  Ufc 
Words  moft  plain  and  p^- 
fpicuousy  54.  Admit  no 
Axioms  but  what  are  uni- 
verfally  true,  5<f.  Suppofe 
no  Hypotbcfes  but  fuch  as 
are  evidently  poJpMe  ^  57^ 
AflFedt  a  Paucity  of  Prtnci- 
p/eSy^i.  The  Generations 
of  their  Objefts  eafily  ima- 
ginabley6i.  Handle  things 
in  the  moft  accurate  Or- 
dery6z.  Meddle  only  with 
fuch  Things  as  are  certain 
64.  A  Scijence  properly  fi> 
called,  (^(J,£sjV.  AllCootro- 
verfies  in  the  Mathematics 
only  about  Things  remote 
from 
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from  thev  Fodhdadbn , 

Matter  may  beadgmentedor 
diminiihed  by  God,  Kfp. 
May  {>rderve  its  prdent 
State,  170. 

Maurolecusy  his  Nflftake  con- 
cerning the  Difference 
between  Arithmetic  and 
Geometiy^  33. 

Maximus  TyriuSy  his  Cpm- 
pdlationof  Ctfw>xtf/^  Ideasy 
70. 

Meafurty  its  various  Accep- 
tadons,  248,  (sTr.  Mathe^ 
maticaly  its  cufierent  Kinds, 
a53,{!rr.Notdefin*dinthe 
dements,  2(^2.  Geometric 
rtf/ibidly  lb  called,  2^4.. 
Primary,  2(^5.  Secondary, 
2tftf.  Its  Properties,  267, 
faTr.  Heterogeneous,  269. 
Natural,  271.  Arbitrary, 
272.  The  leaft  moft  con- 
venient, 274. 

MechanicSyWbaZy  18,25. 

AfecometryyVfhzt,  See  Long!- 
metry. 

Medicine y  how  far  a  part  of 
the  Mathematics^  21. 

MeibomiuSy  his  Definition  of 
Arithmetical  Proportion , 
321.  His  wroM  way  of 
explaining  Reafon,  334. 
His  tedious  Study,  367. 
His  erroneous  dodrine  a- 
bout  Reafons  refuted,  3  80. 

Menfurabilityy  what,  266. 

Menfurationy  what,  18 1. 
Theoretical,  278.  Mecha- 
nical, ibid.  Theoretical 
and  mechanical,  279.  Sen- 
iAAe^ibid.  Aoalytiou,  280. 


MercennuSy  his  Query  an- 
fwer'd,  how  Reafons  are 
referred  to  Nothing,  379. 

Metaphyficsy  the  Treafury  of 
the  moil  general  and  iini- 
ple  Notions,  39,  105. 

Metcorofcopicsy  what,  18. 

Metricsy  Plato*s  Name  of 
Geometry,  34,245. 

Michael  Angeloy  his  Opinion 
of  the  Exiftence  of  ma- 
thematical Figures  without 
the  Mind,  77. 

Minority y  what,  353. 

Motion  muft  have  a  Begin- 
ning. Its  Termination,  143. 
Extenfion,  148.  Compo- 
fition,  150.  Impoffible 
without  Space,  172.  Its 
Definition,  181.  The  Mea- 
fure  of  Time,  184.  Its 
Computation,  210,  tfr. 
Congruity,2i4.  Umfbrm 
and  circular  the  beft  Mea- 
fiire  of  Time,  215.  Its 
Equality,  217. 

Multitudcy  the  Subjeft  of 
Arithmetic,  10,  11,  15. 

Muftc^  what,  14, 17,  25. 

N, 

Navigationy  (or  NauticSy) 
what,  23. 

NicomachuSy  why  he  makes 
Arithmetic  prior  to  Geome^ 
/ry,  39.  His  wrong  Noti- 
on of  Arithmetic  Proporti- 
^^,325.  His  Definition  of 
zmuftcal  Space y  348.  His 
double  DiaK)tomy  oSReo'- 
fonsy  353, 

motions  connatf^ymzty  09, 70. 
Gg4  Nq 


Jon 

Noti 
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No  need  of  fuch  in  fpe- 
cularive  Sciences,  115. 

Numbery  feveral  ways  confi- 
der'd,ia.  How  the  iamc 
w&i  Magmtudi^T^o,  Has 
nodeterminate  Significati- 
on of  itfelf,  3+,  3?,  159. 
Homogeneous  only  capa* 
ble  of  Addition,  Subtrac- 
tion andCompariibn  (/./. 
ProporticMi)  7fi^^l^^^6y 
339.  Differently  attribut- 
ed to  Things,  38.  Mathe- 
matical and  metaphyfical, 
39.  Has  no  Exiftence  di- 
ftind  from  what  it  demo- 
minates,4i.  Integral^frac^ 
ied2nAfurd^/^7,,  Its  Ter- 
mination, 14.3.  Extenfion, 
148.    Compofition,  150. 
Congruity,2i(I.  Equality, 
ii8.  Rational^  capable  of 
cxprefTmg  few  Quantities, 
a88,342,  374.  M  Num- 
bers homogeneous,  301. 

Numeratlony  what,  41,  42. 

O. 

Optics^  its  Divifion,  1 7,  24. 
OrganopoeticSy  what,  18. 
Ofphranticsy  What,  24. 


Pantometry^'whzty  245. 

Dr.  Pell  refutes  the  Qua- 
drature of  LongomontanuSy 
280. 

P^;/,  what,  149,  5(fi. 

Pererius  objedls  againft  the 
Dignity  of  iV athematUsy 
80.  Againft  the  thirty  fi^ 


C9nddi  ^Jaft  Eletmb 

97. 

PirAiaiVi^\AkSLy  17,24^7. 

Pbtlofipber^  a  Name  not  at 

fumed  by  the  Ancients,  5. 

Pbyficsy  thdrfiibjca,  13.  £/- 
feSiivePhyJia^  20. 

PumometryyWbai  iy,4jo,5i, 
2^5. 

PlatOy  his  Divifion  of  the 
Mathematicsy  10,  i5.Ufe- 
fulnels  of  ti^  Matbema* 
tics  in  Military  affair Syl2. 
His  Name  of  Geometry^ 
34,  245.     Reprdiended 
by  AriJioUy  302.  His  En- 
comium upoo  dieDodfarine 
of  Proporti9H^  313.     Ot 
Proportionality^  385. 

Platonic  Remembraices , 
what,  iitf. 

Pneumatics^  what,  18,  7,6. 

Point  oppofed  to  a  Cypher^ 
48.  Its  Reality^  145. 

Poliorceticsy  what,  22. 

Polities^  how  far  afcribed  to 
the  Afathemaiicsy  22. 

Pojidonius  wrircs  againft  Zcna 
Sidmiusy  67. 

Pojjibility  of  a  Thing  not 
proved  from  its  hnagina^  • 
bility^   16  y. 

Pojlulatis.  See  Hypothefes. 

Powers  mechanical ,  their 
Termination,  143.  Ex- 
tenfion, 147.  Compofiti- 
on, 150.  Computation, 
210.  Congruity,  21^.  E- 
quality,  218. 

Principles ,    Matbtmatical  ^ 

thek Paucity^ ^i.  Depend 

not  only  upon  Indudion, 

7  J,  1 1 5.  Their  Truth  jiow 

reibhi- 
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refi)ti]hie,79.  Prepaxatory 
to  all  Reaibning,  103, 
107.  Thdr  primary  Con- 
dition, 106.  Origin,  115. 
Number  128, 130. 

PrtncipUs^  Mtral^  flow  from 
Appetite,  116. 

ProbUmy  every  poflible  one. 
reducSde  to  a  Tbeortm^ 
95.  Its  Analogy  with  an 
Hypotbefity  X20. 

Proclusj  ms  Rea^  for  the 
Name  Matbimatks^  4. 
Unjuftly  \AuDesAtdttomuSy 
79,  229.  His  Miftake  in 
the  Number  ofPrindples, 
123.  His  Elogium  on  a 
Pointy  i\6.  Received  not 
Congrmtyy7jo6.  His  Error 
upon  the  eighth  Axiom  of 
liitfirJiElaninty  224.  His 
Dranition  of  Geometryy 
247.  His  Demonftration 
of  the  Homogeneity  be- 
tween redtilineal  Angles 
and  fbme  curvilinealones, 
300. 

Projeaurey  what,  17. 

Properties  of  Magnitude,  See 
Affe^iom, 

Proportiony  UnhrcrfiJity  of 
its  Dodhine,  314..  Occa- 
fion  of  die  Word,  318. 

Proportion  of  a  Circle  to  its 
Diameter  inexplicable  in 
NumberSy  287. 

Proportion  arithmeticaly  what 
321.  Explained  by  Sub- 
dudbn,  323,  l^c.  Seems 
not  to  have  been  known 
to  the  Ancients,  343 .  Not 
known  to  the  Vulgar,  344. 
In  fome  Cafes  fcarce  dif- 


fins  from  giomitricai  Pn^ 
poriiony  ibid. 

Proportion  Geometrical  (or 

Reajon)  between  two  n^a^ 
two  Terms  is  pofitivey  329. 
None  between  zmgatiw 
and  pofitivi  Temsy  ibid. 
Its  Definition,  331.  351, 
Divided  into  Reaioos  of 
Equality y  and  Reafons  of 
Imquality  mater  wadlef^ 
fi^y  353-  Rcalbns  ^abli 
or  explicabUy  3y(f.  Inrf^ 
fable  otlnexpUcabUy  ibid. 
Of£^%  358.  Of/jf 
equality  lubmvided  into 
five  Spedes,  359.  Their 
Gompofition,  379.  JHulti* 
plicate  Reafonsy  381,  382. 

Proportionalityy  what,  388, 
389.  AnewDefimdoncf 
it,  430. 

Projbo^tions  koxDc^tc.  See 
Principles. 

Propofitions  univerfaly  nata- 
ralw  difcemed,  72.  AS 
fuoi  named  ifyf^mi  by  the 
Stoicsy  125. 

Pytbagorasy  his  triple  Conn 
mentaryy  6.  His  direefold 
Gradationy  ibid, 

Pytbagoreansy  firft  Cultiva- 
tors of  die  Matheinatic% 
4,  14.  Their  Divifion  of 
die  matbematicsy  14. 


^adratureoftbe  Circlcy  not 
impoflfible  in  its  Natur^ 
194.  What  it  means,  20I. 

^antity^  the  Objed  of 
jUatbi^ 
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Mdtbimaticsj  %o.  OmHt-^ 
nuid  and  diJcitHimud^  ib. 
ItsDrtiiitionjisi.  One 

■  lefitbiiiinyinii^iHijB^^ 
\Ae^%%%.  Howooedfflfiers 
ftm  ttiodier,  ^^.  Effa- 
Ue  end  In^aUe.  j^^. 

^antity  ana%gicai.  See  Mo^ 
tim^  Pmvers^  Numbers^ 
Tinus^  Febcitiis. 

Quantity  r<aL  Set  Magm- 
tude. 

i^Mity^  {or  Multitude^)  the 
true  Signification  of  the 
T«  vir«t  of  Arifhtle. 


r: 

Hamusy  impertinently  catps 
againft£«f  H  49>  59>  3  3^> 
3?9,4oi. 

Reafon.  Sec  Proportion  geo^ 
metricaL 

Re^iomonianuSy  his  Deduc- 
tion of  the  firft  Rules  of 
jlrithmetic  from  the  Ele- 
ments  of  Euclid^  60. 

Rhetoric y  by  whom  firft  in- 
vented, 5. 

Right  Line^  feveral  ways 
confider'd,  11. 

Rivaltusy  his  Argument  up- 
on ArcbimedeisPoflulatcSy 
iz6. 

S. 

Scenographyj  what,  17. 
5r;V«f^,what,90.  Speculative 

andpra^icaly  50.  Its  Ori- 

gin,  115. 
Sctographj^  wnat^  17. 


£/mr<r,  his  AtceMof  Ma^ 

diemitidaBi,  S. 
Senfiylxscirtahaf^  70.Se^De- 

tMnesdeceitna^7^*^^p^ 
righdy  di^x)fed.  Hid.  Ma- 
tbematicalSA^dBa  donot 
direOly  occur  to  ix^  7^. 

Similitude  (or  IdtHtity)  of 
Refeeft  not  fit  to  enter 
tlie  Cefinidofi  tS  Pr^or^ 
tionalitjy  42?. 

Situation  determinate,  >}d)at, 
181. 

fF.  SnelUuSy  his  DeTcriptioQ 
ofCoifjuity,  187. 

Socratesy  Us  Severity  againft 
fuch  as  arrogated  the 
NameofPhilofophcrs,  5. 

Spaccy  its  real  Exiftence  de- 
nied by  AriftotUy  Carte- 
Jiusy  and  others,  163.  Vul- 
gar Notion  of  iiy  i(Jf, 
Arguments  for  its  real 
Exiftcnce,  i66y  ^c.  The 
Author's    Notion  of  it, 

175.  TheReafonablenefi 
of  this  Notion,  178. 
One  Way  determinate  and 
another      indeterminate, 

176.  Direftly  oppofod  to 
Contiguityy 1 78.  its  Ana- 
logy widi  Time,  184.  Its 
Notion  not  more  ob- 
fcure  than  the  Notion  of 
Equality,  229. 

Sphere,  feveral  ways  confi- 
der'd, 23. 

SphericSyVriaty  23. 

SpheropoeticSy  wtelt,  18. 

StaticSy  whSLty  25. 

Stereometryy  what,  ly,  ja, 
2^5 . 

Stevi-^ 


Sievlnus^     his   geometrical 

Numbers,  4.5. 
SiiiJaSj   his  Exjdicatkni  of 

die  Word  rjtsfri^  334. 
Superfiats^    iMr   R^^, 

Surdsy  wha^  43,  44.  Why 

devifed,  357. 
Sptmitry.    See  C&mmtnfu'- 

rahility. 
SyntbeftSy  what,  28. 


t. 

Tacituiy  his  Account  of 
Madiematicians,  8. 

^.  Tacquety  his  Definition 
oi  Analogy y  405. 

Ta^icsy  what,  18. 

Teachers^  ougjit  to  define 
their  Word^  204.  Have 
a  R  ig^t  to  impofe  Names, 

Y/rm,  what,  321. 

ThiUimaftopoeticSyVAaX^  1 8. 

Theodcjiusy  his  Lemma  con- 
cerning Incomnunfurabi^ 
lity^  28?. 

Tli/wf,  his  Definition  of  a 

Term,  320.  Hiswrone  No- 
tion of  arithmetical  Pr(H 
porti$n^  325.  His  Defini- 
tion of  Reaibn,  3^6.  Of 
Jnalogy^  348,  38(J.  Of 
Reafons    iimply   eflable , 

Theorem,  its  Analogy  with 
an  Axiom,  129.  every  one 
capable  (^  being  fi^rmed 
into  a  Definition^  408. 

Tbiorics^  wna^  23. 


The     I  N  D  E  X. 

Thrafythis,  his  Definitioa  of 


M»mve  oiiAadon,  184. 
CompucatiQci^aii.  Cbn- 
gruity,   2iy.      EquaBt/^ 

Torricellius,    firft   Invcmoc 
of  the  Arithnutic  of  Irn^ 


fimi$s,  297. 


igfmm^try^    what^     51, 


Velocity,     Its  CompofitJon,' 

150.  Q)mputation,2ii, 

JsTr.  Congruity,  214,  E- 

qualir^,2i7.  ^finite,  in- 

confiftent,  301. 
Vieta,  his  Analytical  Law, 

302. 
VincentiuSy  his  Definition  of 

Reajon,  37^. 
Vitelhusy  his    Poftulate  of 

plane  Superficies,  190. 
Vitruvius,  his  Definition  of 

Symmetry,  283. 
Unequal,  What,  233. 
I/wVy,  the  Origin  of  Num- 

ber,  43.  Not  oppofed  to 

a  point,  48. 
Vojftus  thought  mathematical 

Figures  to  exift  only  ia 

the  Mind,  j6. 


W. 

Dr.  JFalUs,  his  Rcafixis  why 

he  makes  Gimetry  fiibor- 

dinattt 


N  A 


Ntmes. 

Cbryftppus. 
Cicero. 
Clavius. 
Copernicus. 


Damafcius. 


Epicurus. 

Eratojihenes. 

Euclid. 

Eudoxus^ 

EsUtocius 


Coantries« 


M  E  S,    &c. 

Years  before  and 
after  Chrift. 

A.  G.  330.       jffia  the  lejfer. 
A.  C.  60.  Italy. 


D. 


E. 

A.  C. 310. 
A.  C.  240. 
A.  C.  410. 


Greece. 
Greece. 
Greece. 


Ant.  Farbius. 


Galen. 

Galileus. 

Gaudeutius. 

Gemifius. 

Gttildinus. 


Petriis  IIerigo>nus. 

Hippocrates. 

Hehbs. 


G. 

P.  C.  130. 

A.  C;  Go. 


Lejfer  Afia. 


Italy. 


H. 

A.  C.  380.  Cooi  inleJferAfia. 
K  C.  1650,  England. 


LongomohtantiS. 
Lucretius. 


Meihomius^ 


M. 


Italy. 
Merfennus. 


NAMES,   &c. 


Names. 
Merfennus. 

Nicbomacbus. 


Pappus. 

Peletarius. 

Dr.  John  Pell. 

Pfrerius. 

Plato. 

Plutarch. 

Proclus. 

Ptolomy. 

Pytbagoras 


Years  before  and 
after  Chrlft. 


P. 
A.  C.  380. 

P.  C.  1660. 

A.  C.  380- 
P.  C.  100. 

P.C.  130. 
A.  C.  540, 


Conntiiei^. 


Egypt. 

England. 

Greece. 


Egypt. 
Samos. 


Ariftides  ^intillianus. 


Ramus. 
Rivaltus. 


Seneca. 

fVillebrord  Snellius. 
Socrates. 


And.  I'acquet. 
^heoaofius. 
Tbeon  Smyrnofus. 
Thrafyllus. 
Torricellius. 


R. 


S. 
P.  C.  60. 

A.  C.  440. 

T. 
P.C.  i6/;o. 


P.  C.  1640. 


Italy. 
Greece. 


Fran. 


KUBCS. 


NAMES,  ©r. 

Vean  before  and 
after  ChrU. 


Fran.  VUta. 
Greg.  Vinceniius. 

l'l:ruzius, 
Voffius. 


Dr.  John  WaUis. 

Xenocrates. 

Zeno. 


V. 

P.  C  1590. 


w. 

P-  C  1670. 

X. 

A,  C.  340. 

z. 

A.  C.  360. 


Countries 


S'ujitzirland^ 


Greece. 

Cyprus. 


P   I    N    I    S. 


It  n 


<M    7. 

hwmmi 
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